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PREFACE 


This  document  was  prepared  to  describe  the  ATC  system  as  it  would 
appear  in  two  future  time  frames  if  on-going  FAA  programs  aimed  at 
improving  the  ATC  system  are  successful  and  implemented.  The 
objective  was  to  make  explicit  the  system  interfaces  implied  by  the 
current  FAA  program  of  planned  ATC  system  improvements  and  to 
identify  those  interfaces  that  merit  FAA  planning  attention.  The 
actual  system  that  may  evolve  in  future  years  is  likely  to  be 
different  than  the  system  described  herein  due  to  the  open-ended  and 
dynamic  nature  of  the  FAA  R&D  process.  The  document  does  not 
consider  the  logistical  and  budgetary  constraints  encountered  in 
implementing  major  systems.  Thus,  this  document  should  be  viewed  as 
an  aid  to  the  technical  planning  for  system  implementation.  It  does 
not  necessarily  reflect  an  FAA  position  on  the  ATC  system  that  should 
be  in  place  by  a  given  time  period  or  commit  the  FAA  to  implement  the 
features  described  in  this  report. 
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INTRODUCTION 


The  purpose  of  this  document  is  to  present  a  current  overview  of 
the  FAA's  planned  improvements  to  the  United  States  air  traffic 
control  (ATC)  system  and  its  associated  Interfaces.  The 
presentation  is  directed  not  toward  technical  personnel 
interested  in  the  design  details  of  proposed  improvements  but  to 
program  managers  and  other  management  personnel  who  are 
interested  in  defining  and  assuring  the  adequacy  of  the 
Interfaces  between  existing  and  new  system  elements. 

The  objectives  behind  the  preparation  of  this  document  were  to: 

-  Describe  the  CONUS  ATC  system  after  current  major  FAA 
engineering  and  development  (AED)  and  operating  service 
(AAT  and  AAF)  program  products  are  developed  and 
integrated  into  the  operational  system. 

Identify  and  describe  the  interfaces  that  will  have  to 
be  provided  between  system  elements. 

-  Identify  design  configuration  and  time  phasing  concerns 
that  require  decisions  by  FAA  managers. 

The  material  presented  in  this  document  reflects  the  progress  of 
engineering  and  implementation  activities  of  the  FAA  over  the 
last  several  years.  This  document  represents  a  revision  and 
expansion  of  an  earlier  document  that  described  system 
development  status  and  plans  as  of  mld-1978  (Reference  1-1). 

The  current  document  was  prepared  by  the  MITRE  Corporation  for 
the  FAA's  Systems  Research  and  Development  Service,  Systems 
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Development  Division  (ARD-440)  and  represents  system  status  and 
plans  as  of  the  end  of  calendar  year  1980.  This  document  was 
prepared  as  an  integral  part  of  the  FAA's  systems  integration 
activity.  The  integration  activity  includes  the  integration  of 
FAA  system  development  and  system  acquisition  plans,  planning 
for  long  range  engineering  and  development  budgets,  and  tracking 
and  resolution  of  system  integration  design  issues.  These  other 
activities  are  reported  separately  by  the  FAA. 

1.1  Scope 


The  scope  of  this  project  was  limited  to  those  systems  that  were 
directly  involved  with  the  provision  of  ATC  services.  Systems 
associated  with  purely  administrative  functions  internal  to  the 
FAA  were  not  addressed.  The  set  of  improvements  to  be  addressed 
was  restricted  to  those  Facilities  and  Equipment  (F&E)  and 
Engineering  and  Development  (E&D)  products  that  are  currently 
targeted  for  implementation  and  whose  development  cycle  had 
progressed  to  the  point  where  their  interfaces  could  be 
reasonably  well  defined.  Programs  that  were  in  the  early  stages 
of  development  or  were  being  pursued  on  a  feasibility  basis, 
such  as  the  Cockpit  Display  of  Traffic  Information  (CDTI),  were 
not  considered  in  detail,  but  their  potential  system  functions 
were  briefly  defined  where  appropriate. 

This  description  of  the  ATC  system  addresses  those  transitions 
that  are  expected  to  occur  from  1980  until  the  major  en  route 
ATC  computer  system  is  replaced  in  the  late  1980s. 

Modifications  of  system  interfaces  that  would  be  associated  with 
this  computer  replacement  have  not  yet  been  defined  and  are  not 
Included  in  this  document. 
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The  system  functions  and  Interfaces  described  in  the  document 
are  based  on  normal  mode  operations.  Failure  or  maintenance 
mode  operations  are  not  addressed.  Some  remote  maintenance  and 
monitoring  features  that  are  integral  to  some  system 
improvements  are  discussed,  however. 

It  should  be  noted  that  this  document  was  intended  to  serve  as 
an  internal  management  and  planning  tool  for  the  FAA.  As  such, 
it  has  attempted  to  reflect  the  current  FAA  management  thinking 
as  to  proper  system  designs,  configurations  and  implementation 
schedules.  No  attempt  was  made  to  justify  these  decisions  or  to 
examine  alternative  courses  of  actions  from  a  technical,  cost, 
or  benefit  basis. 

1.2  Approach 

To  meet  the  stated  objective,  strawman  future  ATC  system 
descriptions  were  prepared  for  two  different  future  time  frames 
to  illustrate  the  expected  ATC  system  configurations  if  current 
FAA  system  improvement  plans  were  realized.  These  descriptions 
were  facility  oriented  and  focused  on  the  technical  operation  of 
the  hardware,  software,  and  sensors  used  by  ATC  personnel  to 
deliver  new  or  Improved  services. 

The  resultant  description  contained  in  this  document  shows  how 
the  particular  ATC  facilities  could  be  connected  to  other  parts 
of  the  system  and  how  these  facilities  and  their  associated 
connections  are  expected  to  change  over  time.  Features  that  do 
not  change  are  deemphasized. 
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1.2.1  ATC  Facilities 


For  this  study  the  ATC  system  was  subdivided  into  facilities  as 
noted  in  Table  1-1.  The  grouping  of  facilities  falls  along 
rather  natural  lines  with  some  arbitrary  assignments  being  made 
for  some  services.  For  example,  the  flight  plan  data 
distribution  system  for  Terminal  Radar  and  Approach  Control 
(TRACON)  and  towers  was  primarily  treated  in  the  TRACON  Facility 
chapter  as  the  TRACON  is  generally  a  user  of  the  current  Flight 
Data  Entry  and  Printout  (FDEP)  equipment  and  is  projected  to  be 
a  user  in  the  future  of  Flight  Data  Input  Output  (FD10) 
equipment  and  Terminal  Information  Display  System  (TIDS) 
equipment,  although  tower  facilities  may  also  use  this 
equipment.  Also,  ATC  services,  such  as  separation  assurance 
that  use  features  that  reside  in  a  number  of  facilities  were 
discussed  in  several  chapters  of  the  document.  For  example,  the 
Automated  Traffic  Advisory  and  Resolution  Service  (ATARS)  was 
described  in  the  En  Route,  TRACON,  and  Surveillance  chapters. 

1.2.2  Time  Periods 


Facility  descriptions  were  prepared  for  three  time  periods: 
Current,  Near  Term,  and  Far  Term.  The  "Current"  system  was 
defined  as  consisting  of  those  systems  that  were  in  operational 
use  at  some  sites  prior  to  the  end  of  CY  1980.  The  Current 
system  is  the  reference  point  for  examining  system  changes  and 
is  presented  only  to  a  level  of  detail  necessary  to  highlight 
system  changes.  This  description  is  incomplete  in  most  cases 
and  is  not  Intended  as  a  tutorial  on  features  of  the  present 
system. 
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TABLE  1-1 

ATC  SYSTEM  FACILITIES 


The  "Near  Term"  system  was  defined  as  the  Current  system 
modified  to  include  those  system  improvements  that  could 
according  to  present  plans,  be  in  operational  use  at  some  sites 
by  the  end  of  CY  1984.  Many  of  the  anticipated  Near  Term 
improvements  have  already  been  approved  for  implementation  and 
some  have  active  procurement  contracts.  System  improvements 
that  have  been  approved  for  Implementation  were  noted  in  the 
documentation. 

The  "Far  Term"  system  was  defined  as  the  "Near  Term”  system 
modified  to  include  implementation  of  those  additional  system 
improvements  expected  to  be  in  operational  use  at  some  sites 
prior  to  the  implementation  of  the  en  route  ATC  computer 
replacement  which  is  expected  in  the  1988-1990  time  frame.  This 
post-1984  Far  Term  system  is  somewhat  tentative  because  of  the 
additions,  deletions,  and  modifications  that  naturally  occur  in 
a  dynamic  research  and  development  program. 

Another  category  of  improvements,  referred  to  as  "Potential  and 
Longer  Range"  improvements  are  also  briefly  described  in  the 
document.  These  improvements  have  not  yet  been  targeted  for 
Implementation,  awaiting  results  of  preliminary  development 
phases  or  awaiting  the  additional  automation  base  to  be  provided 
by  the  expansion  of  en  route  or  terminal  ATC  computer  systems. 

It  should  be  noted  that  some  of  the  improvements  in  this 
category  could  be  implemented  at  an  earlier  time  period 
depending  on  changes  in  technical  feasibility  or  operational 
need. 

The  system  Improvements  to  be  described  in  this  document  are 
listed  in  Table  1-2. 
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TABLE  1-5 
(CONTINUED) 


CENTRALIZED  MAINTENANCE  0?  HEATHER 
AMD  AERONAUTICAL  INFORMATION 


(innMiiHOo) 
t-\  nm 


1.2.3  Document  Structure 


The  work  undertaken  in  this  study  has  resulted  In  a  number  of 
outputs.  This  document  describes  the  system  evolution  and 
interfaces  for  specific  facilities.  A  series  of  short  papers 
that  focus  on  some  of  the  system  configuration  and  design  issues 
to  be  addressed  by  FAA  management  were  also  prepared  as  a  result 
of  developing  the  material  and  reviewing  this  document  with  FAA 
management  and  program  managers.  These  papers  have  been  used  to 
track  progress  in  resolving  specific  issues  and  are  updated  and 
published  by  the  Systems  Research  and  Development  Service. 

These  papers  are  referenced  in  this  document. 

Each  facility  description  chapter  in  this  report  follows  roughly 
the  same  outline.  The  intent  was  to  highlight  system  interface 
requirements  between  particular  facilities  and  between 
particular  improvements  within  a  given  facility  for  each  of  the 
three  time  periods.  For  example,  the  En  Route  Facilities 
Chapter  highlights  interfaces  between  ARTCC  automation  and  en 
route  surveillance  sites  as  well  as  Interfaces  internal  to  the 
ARTCC  automation,  such  as  between  the  Electronic  Tabular  Display 
Subsystem  (ETABS)  and  the  Direct  Access  Radar  Channel  (DARC). 

Each  facility  description  consists  of: 

e  an  Improvements  summary 

e  an  information  flow  diagram 

•  a  connectivity  diagram 
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•  a  Centative  Implementation  schedule 

•  an  Interface  planning  summary 

The  improvements  summary  gives  a  brief  description  of  each 
improvement  and  the  expected  advantages  that  will  accrue  to  the 
system  by  its  implementation. 

The  information  flow  diagram  presents  the  specific  inputs, 
outputs,  and  internal  functions  that  must  be  accomplished  for 
each  ATC  system  improvement. 

The  connectivity  diagram  specifies  the  type  of  data  directly 
relating  to  the  delivery  of  ATC  services  and  the  general 
transmission  media  (for  data  communications:  directly  wired, 
digital  data  channel,  teletypewriter  channel,  video  channel,  or 
facsimile  transmission;  for  voice  communications:  voice  phone, 
or  VHF/UHF  radio)  associated  with  interfacility  communication 
links.  Within  the  facility  chapter,  the  designation  of 
communication  media  is  at  the  general  level.  The  specific  FAA 
leased  or  operated  switching  and  transmission  capabilities  used 
for  these  links  is  given  in  the  Communications  Facilities 
Chapter. 

For  each  of  the  preceding  sections,  the  emphasis  is  on  the 
system  interface  changes  that  will  occur  in  the  Near  Term  and 
Far  Term  periods,  with  minimum  attention  given  to  explaining  the 
operation  of  the  existing  system  except  as  a  point  of  reference. 

The  tentative  implementation  schedule  is  based  on  projected 
Technical  Data  Package  (TDP)  handoff  dates  for  improvements  to 
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be  derived  from  the  E&D  program  and  on  F&E  budgetary  information 
for  improvements  that  are  being  acquired  directly  by  the 
operating  services.  The  implementation  dates  follow  TDP  handoff 
by  one  to  three  years,  depending  on  the  estimated  complexity  of 
the  procurement.  The  changeable  and  rather  optimistic  nature  of 
these  estimates,  particularly  for  Far  Term  items,  limits  their 
usefulness  in  examining  fine  grained  precedence  relationships. 

The  interface  planning  summary  identifies  some  of  the  major 
assumptions  that  were  necessarily  made  as  to  what  Improvements 
would  be  implemented  and  how  they  would  function.  Follow-up  on 
these  issues  has  been  undertaken  on  a  continuing  basis  with  a 
joint  Systems  Research  and  Development  Service  and  Airway 
Facilities  Service  group.  As  a  result  of  this  group's  review 
and  resolution  process  these  assumptions  are  expected  to  change 
with  some  Issues  being  closed  out  and  some  new  issues  being 
added.  The  reader  is  cautioned  to  review  actions  of  this  group 
before  any  final  conclusions  are  formed.  Table  1-3  provides  an 
index  of  the  issues  cited  in  each  of  the  following  chapters. 

The  issues  in  Table  1-3  correspond  to  the  set  of  issues  under 
consideration  by  the  joint  group  as  of  December  1980,  and  the 
item  numbers  are  consistent  with  those  assigned  by  the  group. 
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TABLE  1-3 

INDEX  OF  SYSTEM  INTEGRATION  ISSUES 


TABLE  1-3 
(■CONCLUDED) 


2.  EN  ROUTE  FACILITIES 

This  chapter  describes  the  system  improvements  planned  for 
En  Route  Facilities  and  the  interfaces  with  other  ATC  facilities 
for  Current,  Near  Term,  and  Far  Term  time  periods.  The  ATC 
facilities  and  time  periods  are  defined  in  Chapter  1. 

As  described  in  this  chapter,  an  En  Route  Facility  consists 
generally  of  those  portions  of  the  en  route  air  traffic  control 
system  that  are  contained  in  the  ARTCC  (Air  Route  Traffic 
Control  Center)  building.  The  facility  consists  of  en  route  ATC 
(Air  Traffic  Control)  system  equipment,  en  route  ATC  system 
software,  and  the  personnel  associated  with  this  equipment  and 
software.  Other  equipment  and  functions  are  physically  located 
at  en  route  facilities  but  are  not  discussed  in  this  chapter. 

For  example,  NADIN  (National  Airspace  Data  Interchange  Network) 
concentrators,  NADIN  switches,  and  voice  radio  equipment  are,  or 
will  be,  located  at  en  route  facilities.  These  are  described  in 
the  Communications  Facilities  chapter  (Chapter  9).  Similarly, 
Flight  Service  Data  Processing  Systems  (FSDPS)  are  to  be  located 
at  ARTCCs  but  are  described  in  the  Flight  Service  Facilities 
chapter  (Chapter  6)  rather  than  in  this  chapter. 

The  emphasis  in  this  chapter  is  on  future  improvements  to  those 
en  route  functions  directly  related  to  the  providing  of  ATC 
services.  Administrative  functions,  maintenance  (with  the 
exception  of  new  automated  capabilities),  logistics,  etc.,  are 
not  included.  The  communications  within  the  building  and 
between  the  building  and  other  elements  of  the  system  are 
generally  not  described;  however,  the  external  interfaces  and 
the  types  of  information  sent  across  these  interfaces  are 

** 
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Indicated . 


The  remainder  of  this  chapter  consists  of  the  following  sections 

•  En  Route  Facilities  Improvements  (2.1).  This  section 
lists  important  functions/features  and  the  improvements 
planned  for  them.  For  each  function/feature,  there  is  a 
brief  description  of  the  function  and  the  planned 
improvement ( s) •  The  section  contains  three  Information 
Flow  Diagrams  —  one  for  each  of  the  three  system 
phases:  Current,  Near  Term,  and  Far  Term.  The  diagrams 
show: 

-  the  facilities  that  provide  inputs  to  an  ARTCC 

-  the  principal  types  of  Inputs  provided  by  each  of 
these  facilities 

-  ARTCC  functions 

} 

-  the  facilities  that  are  provided  with  outputs  from  an 
ARTCC 

-  the  principal  types  of  outputs  provided  to  those 
facilities  by  the  ARTCC 

•  En  Route  Facilities  Connectivity  (2.2).  This  section 
contains  three  connectivity  diagrams  —  one  for  each  of 
the  three  system  phases  (see  above).  The  changes  in 
connectivity  between  phases  are  briefly  described. 
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•  En  Route  Facilities  Tentative  Implementation  Schedule 
(2.3).  This  section  contains  a  figure  that  shows  the 
tentative  implementation  schedule  for  the  principal 
improvements  affecting  the  En  Route  Facilities. 

•  En  Route  Facilities  Interface  Planning  Summary  (2.4). 
This  section  summarizes  the  major  assumptions  that  were 
made  in  regard  to  the  implementation  and  interfacing  of 
the  various  improvements. 

2.1  En  Route  Facilities  Improvements 


Table  2-1  summarizes  the  En  Route  Facilities  improvements  and 
related  Improvements  that,  according  to  current  plans,  are 
expected  to  be  implemented  in  the  Near  Term  and  Far  Term.  There 
are  other  improvements  that  are,  according  to  current  plans, 
less  likely  to  be  Implemented.  These  are  listed  as  Potential 
and  Longer  Range  Improvements  in  the  same  table.  Related 
improvements  such  as  DABS  (Discrete  Address  Beacon  System), 

ATARS  (Automated  Traffic  Advisory  and  Resolution  Service),  and 
BCAS  (Beacon  Collision  Avoidance  System)  are  also  cited. 

Although  these  are  not  contained  within  ARTCC  buildings,  they 
perform  functions  similar  to  ARTCC  functions,  or  they  are 
closely  interfaced  with  ARTCC  functions. 

Figures  2-1,  2-2,  and  2-3  show  respectively  the  Current,  Near 
Term,  and  Far  Term  information  flow  between  an  En  Route  Facility 
(ARTCC)  and  other  elements  of  the  ATC  system.  In  each  figure, 
the  ARTCC  is  shown  as  a  large  box  in  the  middle.  The  inputs  to 
the  ARTCC  are  shown  to  the  left  of  the  box;  the  outputs  from  the 
ARTCC  are  shown  to  the  right.  Within  the  box  itself. 
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EN  ROUTE  FACILITIES  I  UPHOVE HE NTS  SUMMARY 


FrcM  Adjacent  ARTCC  ^ __  To  Ad  )» 
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Pro*  Satellite  Field  Service  Station 
e  MU  Satellite  Picture* 


from  Flight  S*r*lci  Facility 
•  IF1  Flight  fltni,  FF  Change* 


FIGURE  2  3 

FAR  TERM  EN  ROUTE  FACILITIES  INFORMATION 


functions/features  are  listed.  For  the  Near  Term  and  Far  Term 
figures,  these  are  the  new  functions/features  that  are  expected 
to  be  available  at  the  end  of  the  period  for  which  the  figure 
was  prepared.  The  Current  figure  shows  the  functions/features 
as  they  existed  In  December  1980.  In  some  cases,  the  Inputs  and 
outputs  that  are  listed  are  general  categories  of  Inputs  and 
outputs  rather  than  all  of  the  input  and  output  message  types 
within  the  categories. 

The  principal  changes  In  information  flow  and  in  functions  from 
the  Current  system  to  the  Near  Term  system  are  underlined  In 
Figure  2-2.  Similarly,  underlining  is  used  in  Figure  2-3  to 
indicate  the  principal  changes  from  the  Near  Term  system  to  the 
Far  Term  system.  The  changes  in  functions,  the  inputs  to  the 
functions,  and  the  outputs  from  the  functions  are  described  in 
the  following  paragraphs. 

2.1.1  En  Route  Data  Processing  Equipment 

This  section  and  the  following  section  (2.1.2  En  Route 
Input/Output  Equipment)  are  concerned  with  the  computer  hardware 
in  the  ARTCC  building,  as  opposed  to  software,  software 
functions,  and  data  processing.  The  equipment  described  in  this 
section  is  primarily  used  for  data  processing.  However,  such 
equipment  has  input/output  characteristics  that  make  it 
difficult  to  separate  the  data  processing  equipment  from  the 
input/output  equipment  that  is  described  in  the  next  section. 

In  particular,  DARC  (Direct  Access  Radar  Channel)  and  ETABS  (En 
Route  Tabular  Display  Subsystem)  are  concerned  with  both  data 
processing  and  input/output.  They  have  therefore  been  included 
in  both  sections.  The  other  major  ARTCC  data  processing 


equipments  included  in  this  section  are:  Central  Computer 
Complex,  Display  Channel  Processor,  Maintenance  Processor 
Subsystem,  and  the  potential  Applications  Processor  for  DABS 
(Discrete  Address  Beacon  System)  Data  Link. 

2.1. 1.1  Current  System 


Principal  Data  Processing  Equipment 

IBM  9020As  and  9020Ds  are  used  as  CCCs  (Central  Computer 
Complex).  IBM  9020Es  are  used  as  Display  Channel  Processors  in 
some  ARTCCs.  Most  ARTCCs  use  CDCs  (Computer  Display  Channel)  as 
Display  Channel  Processors. 

DARC 


DARC  (Direct  Access  Radar  Channel)  equipment  has  recently  been 
installed  at  ARTCCs  to  provide  a  backup  display  capability  for 
surveillance  information.  It  furnishes  controllers  with  plan 
view  display  capabilities  when  such  capabilities  are  not 
available  through  the  primary  surveillance  channel.  DARC  will 
normally  be  used  when  there  is  a  failure  in  the  primary 
surveillance  data  display  capability.  It  also  may  be  used  to 
free  the  ARTCC's  data  processing  capabilities,  or  portions 
thereof,  for  maintenance  work  while  still  allowing  24-hour-a-day 
operation  of  the  ARTCC.  PVDs  are  supplied  with  an  additional 
backup  surveillance  display  capability  through  broadband  data 
that  is  sent  from  the  surveillance  sites.  The  broadband 
capability  allows  the  display  of  beacon  replies  and  search  radar 
returns  (including  weather  targets),  but  does  not  provide  data 
block  labels  for  aircraft,  altitude  displays  (Mode  C  and 
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Assigned),  or  map  data  displays*  DARC  does  provide  these  latter 
capabilities  as  well  as  the  display  of  beacon  replies  and  search 
radar  returns* 

Maintenance 

The  System  Maintenance  Monitoring  Console  (SMMC)  in  the  ARTCC 
provides  a  centralized  monitoring  and  control  capability  for  the 
ARTCC’ s  Systems  Engineers.  For  the  equipment  within  the  ARTCC 
building,  extensive  status  information  is'  automatically  sent  to 
the  SMMC  on  a  regular  schedule*  For  remotely  located  equipment, 
much  less  information  is  automatically  made  available  to  the 
SMMC,  and  therefore,  periodic  visits  of  maintenance  personnel  to 
the  remote  sites  are  required  in  order  to  perform  most 
maintenance  and  certification  functions*  For  en  route 
surveillance  sites,  status  messages  are  periodically  sent  to  the 
SMMC.  For  Navigation  Aids  and  RCAGs  (Remote  Communications 
Air/Ground),  information  must  be  entered  manually  at  the  SMMC 
after  it  is  received  by  voice  telephone. 

2. 1.1*2  Near  Term  Improvements 

Principal  Data  Processing  Equipment 

There  are  no  Near  Term  Improvements  planned  for  the  CCC  or 
Display  Channel  Processor. 

DARC 

DARC  will  be  enhanced  with  a  number  of  features  including 
automatic  tracking,  a  substantial  two-way  Interface  with  the 
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CCC,  surveillance  data  mosaicking,  Conflict  Alert,  EMSAW  (En 
Route  Minimum  Safe  Altitude  Warning),  automatic  assignment  of 
beacon  codes,  and  improved  keyboard  control.  The  latter  will 
allow  DARC  to  have  almost  all  of  the  controller  entry  and 
readout  capabilities  that  are  currently  available  at  the  "R" 
Position  Console  when  it  is  being  serviced  by  the  primary 
surveillance  channel. 

Maintenance 


Improvements  in  the  maintenance  of  remote  facilities  are  planned 
through  the  use  of  automation  techniques.  New  data  processing 
equipment  at  ARTCCs  will  communicate  with  automated  monitoring 
equipment  at  the  remote  sites.  The  equipment  at  each  ARTCC  will 
be  a  Maintenance  Processor  Subsystem  (MPS).  In  the  Near  Term, 
MPSs  will  control  and  communicate  with  Remote  Monitor  Subsystems 
(RMS)  at  RCAGs  and  VORTACs  (Colocated  VOR  (Very  High  Frequency 
Omnirange  Station)  and  TACAN  (Tactical  Air  Navigation)).  The 
MPSs  will  thus  build  up  a  central  data  base  for  the  various 
remote  equipments.  The  MPSs  and  RMSs  are  part  of  the  Remote 
Maintenance  Monitor  System  (RMMS).  This  system  is  expected  to 
improve  the  use  of  personnel  resources  and  the  availability  of 
remote  systems.  Maintenance  personnel  will  be  provided  with 
terminals  to  access  the  MPS  data  base  containing  current  status 
and  historical  information  concerning  equipment  performance. 

The  basic  capabilities  being  addressed  by  the  RMMS  program  at 
the  present  time  are:  monitoring  equipments  and  alarms,  remote 
certification,  automated  recordkeeping,  trend  analysis,  failure 
prediction,  and  remote  control  of  power  sources.  Monitored 
parameters  would  be  continuously  scanned  and  compared  against 
9tored  standards.  Certification  would  be  provided  remotely  if 
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Che  parameters  were  found  to  be  within  a  specified  acceptable 
range.  Facility  logs  and  facility  performance  reports  would  be 
kept  automatically  by  the  central  processor,  and  outages  would 
be  automatically  reported.  The  trend  analysis  would  provide  an 
early  detection  of  weak  links  and  a  long  term  evaluation  of  Mean 
Time  Between  Failures  (MTBF)  and  Mean  Time  Between  Repairs 
(MTBR).  The  remote  control  capability  might  be  limited  to 
generator  activation/deactivation. 

Since  this  document  concentrates  on  those  functions  directly 
related  to  the  providing  of  ATC  services,  RMMS  and  other 
maintenance  functions  are  not  shown  in  the  connectivity  diagrams 
contained  in  Section  2.2.  Similar  capabilities  are  expected  for 
TRACONs  and  Towers  under  a  separate  program.  The  relationship 
between  the  TRACON/Tower  RMMS  program  and  the  En  Route  RMMS  is 
not  well  defined  at  the  present  time. 

2. 1.1. 3  Far  Term  Improvements 

Principal  Data  Processing  Equipment 

There  are  no  Far  Term  improvements  planned  for  the  CCC,  Display 
Channel  Processor,  or  DARC. 

ETABS 

ETABS  (Electronic  Tabular  Display  Subsystem)  is  expected  to  be 
implemented  in  the  Far  Term.  ETABS  is  primarily  concerned  with 
aiding  controllers  in  their  entry  and  readout  of  data.  However, 
it  can  perform  data  processing  functions  such  as  routing  of 
information  among  sectors,  maintaining  a  flight  data  base,  and 
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providing  substantial  support  to  sector  operations  when  the  CCC 
is  not  operational.  ETABS  is  more  fully  described  in  2. 1.2. 3. 

Maintenance 


Far  Term  plans  call  for  RMMS  to  be  extended  to  include  En  Route 
surveillance  radars.  RMSs  would  be  deployed  at  the  surveillance 
sites  and  would  communicate  with  the  MPS  at  the  host  ARTCC. 
Search  radar,  beacon,  and  Common  Digitizer  equipment  would  be 
monitored  by  the  new  RMSs. 

2. 1.1.4  Potential  and  Longer  Range  Improvements 
Principal  Data  Processing  Equipment 

At  some  ARTCCs,  the  current  en  route  computer  equipment  and 
software  are  being  used  close  to  their  maximum  capabilities. 
Within  a  few  years,  at  these  sites,  it  may  not  be  possible  to 
satisfy  the  en  route  operational  and  maintenance  requirements 
with  the  current  equipment  and  software.  Increased  needs  are 
anticipated  in  regard  to  computer  capacity,  reliability,  and 
maintainability: 

•  Increases  in  traffic  load  and  the  incorporation  of  new 
functions/features  will  require  increased  computer 
capacity. 

•  Reliability  needs  to  be  increased  because  it  is  expected 
that  fewer  qualified  controller  personnel  per  controlled 
aircraft  will  be  available  for  manual  backup  in  case  of 
automation  failures. 
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•  Because  of  aging  equipment  and  possible  difficulties  in 
obtaining  replacement  parts,  maintenance  may  become 
increasingly  difficult. 

Studies  are  now  underway  to  determine  the  best  course  of  action 
to  be  taken  to  achieve  Increased  computer  capacity,  reliability, 
availability,  and  malntainaht lity.  The  replacement  of  en  route 
computers  is  expected  to  occur  in  the  late  1988  to  1990  time 
frame.  In  the  meantime,  various  measures  are  being  considered 
to  decrease  the  load  on  the  9020s  and  particularly  on  the  CCC: 

•  Minimizing  the  use  of  the  Dynamic  Simulation  (DYSIM) 
capabilities  by  performing  controller  training  at  the 
Radar  Training  Facility  at  Oklahoma  City  rather  than  at 
ARTCCs. 

•  Offloading  of  Data  Recording  to  offline  recorders. 

•  Offloading  of  the  Real  Time  Quality  Control  of  radar 
(RTQC)  to  DARC. 

DARC 


A  number  of  potential  improvements  are  being  considered  in 
connection  with  DARC.  The  possibility  of  Isolating  Radar  Data 
Processing  (RDP)  from  Flight  Data  Processing  (FDP)  within  the 
CCC  is  being  investigated.  The  goal  would  be  to  remove  RDP  from 
the  CCC  and  perform  it  within  DARC.  This  removal  of  the  RDP 
load  from  the  CCC  would  allow  the  CCC  to  perform  FDP  even  if 
there  were  substantial  increases  in  traffic  load  or  if  there 
were  fewer  CCC  storage  elements  available. 
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Data  Link  Applications  Processor 


A  special  applications  procaasor  may  be  needed  at  each  ARTCC  to 
handle  DAIS/Data  Link  requirements. 

Maintenance 


Potential  Improvements  in  the  RMMS  capability  include  remote 
diagnostics,  isolation  of  failing  equipment,  and  remote 
adjustment  of  equipment.  They  also  include  failure  anticipation 
and  scheduling  of  corrective  action  prior  to  malfunction. 
Computer  files  of  equlpawnt  problems  and  solutions  may  also  be 
incorporated. 

2.1.2  En  Route  Input/Output  Equipment 

This  section  and  the  previous  section  (2.1.1  En  Route  Data 
Processing  Equipment)  are  concerned  with  equipment  in  the  ARTCC 
building,,  as  opposed  to  software,  software  functions,  and  data 
processing.  The  equipment  described  in  this  section  is 
primarily  concerned  with  the  input  and  output  of  information  to 
equipment  and  personnel  at  the  ARTCC.  Most  of  the  devices  that 
allow  controllers  to  enter  or  see  data  are  included.  Equipments 
concerned  with  the  input  of  surveillance  and  weather  data  are 
also  included.  For  convenience  sake,  the  general  subject  of 
aviation  weather  is  also  treated  here.  DARC  and  ETABS  are 
included  here  as  well  as  in  2.1.1. 
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2. 1.2.1  Current  System 


Controllers1  Input/Output  Equipment 

The  data  Input/output  equipments  used  by  en  route  controllers 
are: 

•  Computer  Entry  Devices  (CED) 

•  Computer  Readout  Displays  (CRD) 

•  Plan  View  Displays  (PVD)  (part  of  the  Radar  Controller 
Console) 

•  Data  Entry  Controls  (DEC)  (the  part  of  the  Radar 
Controller  Console  that  allows  the  entry  of  data  through 
the  Alphanumeric  Keyboard,  Trackball,  and  Quick  Action 
Keys;  and  allows  the  control  of  the  PVD  through  Display 
Filter  Keys,  Range  Control,  Off-centering  Keys,  etc.). 

•  Flight  Strip  Printers  (FSP) 

FDEPs  and  FSPs 


ARTCCs  communicate  with  Flight  Data  Entry  and  Printout  equipment 
(FDEP)  at  TRACONs/Towers.  The  equipment  is  primarily  used  to 
collect  and  disseminate  flight  plan  data  and  flight  progress 
strips.  The  current  FDEP  equipment  requires  excessive 
maintenance,  particularly  on  the  printers,  and  causes 
operational  delays  or  backlogs  because  of  Its  low  printing  rate 
of  approximately  10  characters  per  second.  Similar  difficulties 


are  experienced  with  the  FSPs  in  the  ARTCC. 


Surveillance  Data  Input  Equipment 

A  limited  backup  capability  for  ARTCC  sector  control  positions 
is  currently  provided  through  DARC.  This  improvement  was 
described  in  2. 1.1.1.  Broadband  surveillance  data  capabilities 
are  available  to  Radar  Controllers  through  the  primary 
surveillance  channel.  The  displayed  data  is  frequently  used  by 
controllers  for  its  ability  to  show  weather  conditions. 

Weather 


Currently,  the  collection,  processing,  and  dissemination  of 
aviation  weather  is  partially  integrated  within  an  ARTCC  through 
the  ARTCC' s  CWSU  (Center  Weather  Service  Unit).  CWSUs  are 
located  in  all  ARTCCs  to  provide  a  consolidation  of  ARTCC 
weather  services.  The  CWSUs  are  designed  to  be  the  major  focal 
points  for  real-time  collection,  monitoring,  interpretation,  and 
dissemination  of  hazardous  weather  information.  Professional 
meteorologists  man  each  CWSU.  They  monitor  weather  developments 
and  provide  general  weather  briefings  and  hazardous  weather 
advisory  service  to  controllers.  One  of  their  duties  is  the 
collection,  interpretation,  and  dissemination  of  PIREPs  (Pilot 
Reports).  Each  CWSU  has: 

•  a  PVD  with  a  capability  of  selectively  viewing  all 
sectors  within  the  ARTCC 

•  WBRRs  (Weather  Bureau  Remote  Radar  recorders)  that 
receive  their  data  from  NWS  WSR-57  radars 
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a  facsimile  machine  for  receiving  weather  maps 


•  a  GOES  (Geostationary  Operational  Environmental 
Satellite)  satellite  photo  recorder  that  receives  its 
information  from  a  Satellite  Field  Service  Station 

•  a  Service  "A"  teletypewriter  drop  for  receiving  weather 
information  from  the  WMSC 

•  telephone  and  interphone  service. 

2. 1.2. 2  Near  Term  Improvements 
Controllers*  Input/Output  Equipment 

No  Near  Term  changes  are  planned  for  CEDs,  CRDs,  and  Radar 
Controller  Consoles. 

FDEPs,  FSPs,  and  FDlOs 

In  the  Near  Term,  the  CCC  input/output  situation  will  be 
Improved  through  the  replacement  of  Flight  Strip  Printers  (FSP) 
and  Flight  Data  Entry  and  Printout  (FDEP)  equipment.  The  new 
equipment,  FDIO  (Flight  Data  Input  Output),  is  being  procured  to 
satisfy  the  needs  for  faster  operation,  greater  flexibility, 
greater  reliability,  and  Increased  ease  of  maintenance. 

At  the  ARTCCs,  the  FSPs  will  be  replaced  by  FDIO  printers  that 
will  print  at  a  speed  of  at  least  30  characters  per  second.  At 
the  TRACONs/Towers,  the  FDEPs  will  be  replaced  with  FDIO  Cathode 
Ray  Tube  (CRT)  displays,  keyboards,  and  printers.  The  FDIO 
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control  equipment  at  TRACONs/TowerB  will  communicate  with  the 
CCC  at  a  rate  of  2400  bits  per  second  (bps).  The  minimv.  a 
rate  capabilities  of  the. input /output  equipment  at  the 
TRACONs/Towers  will  be:  CRT  -  2400  bps,  Keyboard  -  1200  bps, 
and  Printer  -  30  characters  per  second.  Through  its  use  of 
multiplexing  techniques,  FDI0  will  reduce  the  CCC  communications 
load  and  sharply  reduce  the  number  of  adapter  and  control  units 
connected  to  the  CCC. 

Surveillance  Data  Input  Equipment 

DARC  will  be  enhanced  with  a  number  of  features.  These  were 
described  in  2. 1.1. 2. 

Weather 


Radar  Remote  Weather  Display  Systems  (RRWDS)  will  be  installed 
at  ARTCCs  to  provide  color  displays  of  weather  data  to  CWSU 
personnel.  Each  RRWDS  will  have  up  to  twelve  different 
processors  -  one  for  each  of  the  possible  weather  radars  that 
can  be  hard-wired  to  RRWDS.  East  of  the  Rockies,  NWS  radars 
will  be  the  source  of  weather  data;  over  the  Rockies  and  to  the 
west  of  them,  some  ARSRs  will  be  used.  RRWDS  will  provide  two 
or  three  situation  displays  (color)  at  each  CWSU.  RRWDS  will  be 
able  to  store  the  weather  pictures  for  all  of  the  twelve 
surveillance  sites.  One  display  will  be  able  to  be  switched  to 
receive  data  from  any  one  of  the  sites.  The  other  display  will 
be  able  to  receive  data,  through  dialup  telephone,  from  any  one 
of  the  weather  radar  sites  in  the  country.  This  data  picture 
will  then  be  stored  and  displayed. 
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Later  In  the  Near  Term,  En  Route  Weather  Display  Systems  (EWEDS) 
will  replace  RRWDS  In  all  ARTCCs.  (RRWDS  will  be  moved  to 
Flight  Service  Facilities.)  EWEDS  will  be  Installed  at  ARTCCs 
to  provide  color  displays  of  weather  data  to  sector 
controllers.  Each  EWEDS  will  have  a  single  processor  (instead 
of  the  multiple  processors  in  RRWDS)  to  receive,  process,  store 
and  display  surveillance  data  from  as  many  as  twelve 
surveillance  sites.  It  will  drive  10  Inch  (vertical)  Sector 
Weather  Displays  (color).  Controllers  at  each  sector  position 
will  be  able  to  control  the  data  displayed  at  that  position. 

They  will  be  able  to  select  any  of  the  surveillance  sites, 
change  range,  and  change  off centering  for  their  display. 

In  the  Near  Term,  Dual  Common  Digitizers  (CD-2s)  are  expected  to 
be  available  at  en  route  surveillance  sites.  In  addition  to 
improving  reliability  through  redundancy,  they  would  provide 
Improved  weather  data  for  display  on  PVDs. 

2. 1.2. 3  Far  Term  Improvements 

ETABS 


In  the  Far  Term,  ETABS  (Electronic  Tabular  Display  Subsystem)  Is 
expected  to  be  implemented.  The  primary  purpose  of  ETABS  Is  to 
improve  controller  productivity  In  ARTCCs.  ETABS  would  replace 
the  Flight  Strip  Printers,  the  Computer  Entry  Devices  at  "A"  and 
"D”  Positions,  and  the  Computer  Readout  Devices  at  "A"  and  "D" 
Positions. 


In  the  present  en  route  system,  controllers  handle  flight 
progress  strips  and  enter  messages  into  the  computer  via 
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keyboards  and  trackballs*  ETABS  would: 

1.  Eliminate  flight  progress  strips, 

2.  Provide  controllers  with  easier  methods  of  entry  of 
flight  data, 

3.  Allow  controllers  to  have  easier  methods  of  control  and 
greater  control  of  the  display  of  flight  data, 

4.  Provide  displayed  data  in  a  wider  range  of  more  usable 
formats, 

5.  Provide  more  timely  information  (flight  data  and  other) 
to  controllers, 

6.  Display  alphanumeric  weather  data,  including  routine 
information  and  alerts,  and 

7.  Provide  substantial  support  to  sector  operations  when  the 
CCC  (Central  Computer  Complex)  is  not  operational.  The 
support  function  would: 

a.  Receive,  store,  and  process  data  in  such  a  way  as  to 
allow  controllers  to: 

(1)  Update  displayed  flight  data, 

(2)  Perform  intra-center  handoff  actions,  and 

(3)  Request  and  receive  flight  plan  readouts. 


b.  Allow  the  results  of  such  controller  actions  to  be 

forwarded  to  the  CCC  when  it  resumes  operation, 

c.  Allow  the  updating  of  flight  data  by  ETABS,  and 

d.  Allow  the  routing  of  information  among  sectors  to  be 

performed  by  ETABS. 

All  of  the  inputs  to  ETABS  would  come  from  within  the  ARTCC: 

o  flight  plans,  flight  data,  other  data.  Entered  by 
controllers  and/or  obtained  from  the  CCC  through  the 
Data  Entry  and  Display  Subsystem. 

All  of  the  outputs  from  ETABS  would  go  to  equipment  within  the 

ARTCC: 

o  displayed,  sequenced  flight  data  entries.  Used  by  ”D" 
Controllers. 

o  displayed  menus  of  potential  messages  (e.g.:  Departure, 
Hold,  Cancellation)  and  message  components  (e.g.: 
altitudes,  fixes).  Used  by  "D"  Controllers  to  enter 
messages. 

o  up-to-date  flight  data.  To  be  provided  to  the  CCC  if 
needed  after  the  CCC  has  been  down. 

Surveillance  Data  Input  Equipment 

It  is  expected  that  the  broadband  surveillance  data 
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communication  capabilities  will  be  eliminated  in  the  Far  Term. 
Elimination  will  be  contingent  upon  the  availability  of 
acceptable  digital  weather  data,  dual  Common  Digitizers  (CD-2), 
and  the  implementation  of  the  cu-rently  planned  DARC 
enhancement  s. 

Weather 


It  is  expected  that  the  CWSU  will  be  enhanced  in  the  Far  Term. 
The  WBRRs  would  receive  three-dimensional  weather  data  from 
NEXRAD  (Next  Generation  Weather  Radar)  sites,  and  the  Service  A 
teletypewriters  would  be  replaced  with  higher  speed 
communication  through  NADIN  (National  Airspace  Data  Interchange 
Network) . 

Improved  display  of  ARTCC  weather  would  also  be  available 
through  the  three-dimensional,  digitized,  Doppler  weather  data 
that  1 8  expected  to  be  obtained  from  NEXRAD.  Digitized  weather 
data.  Including  data  on  areas  of  turbulence  as  well  as  areas  of 
precipition,  would  also  be  obtained  from  NEXRAD.  According  to 
current  concepts,  the  turbulent  area  Information  would  be 
displayed  as  hazardous  area  contours  on  PVDs  and  supplementary 
Information  would  be  displayed  on  EWEDS  displays. 

2. 1.2. A  Potential  and  Longer  Range  Improvements 


ETABS 


Possible  methods  of  backing  up  ETABS  are  being  investigated. 
Also,  the  interfacing  of  ETABS  with  DARC  and/or  adjacent  ARTCCs 
is  being  considered.  With  such  an  arrangement,  the  effects  of 


2-23 


failures  in  the  ARTCC's  CCC  and/or  Data  Entry  and  Display 
Subsystem  might  be  minimized. 

Sector  Suite 


Enhancement  of  the  "R"  Position  Console  is  being  considered  as  a 
potential  Improvement  in  this  area.  A  capability  similar  to 
that  provided  to  the  "D"  Positions  through  ETABS  is  favored. 

The  use  of  tabular  display  panels  with  touch  input  capabilities 
and  the  use  of  color  cathode  ray  tubes  instead  of  the  present 
monochromatic  tubes  at  the  ”R"  Position  have  been  the  subject  of 
recent  investigation  and  experimentation.  Preliminary  efforts 
are  also  underway  on  an  overall  design  of  the  sector  suite 
Including  ETABS  and  the  “R”  Position  Console. 

Weather 


It  is  expected  that  after  the  9020  Replacement  system  is  in 
place,  extensive  use  (on  ARTCC  situation  displays)  will  be  made 
of  three-dimensional  weather  data  and  multiple  contour  (levels 
of  weather  Intensity)  data  that  would  be  available. 

Weather  data  that  can  be  observed  by  an  aircraft  may  be 
down-linked  from  the  aircraft  via  DABS  Data  Link.  That  data 
would  then  be  used  in  weather  status  and  forecasting  programs. 

The  Aviation  Weather  System  (AWES)  is  a  potential  integrated 
weather  capability.  Since  the  AWES  concept  is  still  under 
study,  the  plans  for  AWES  are  very  tentative.  The  following  is 
a  brief  description  of  this  proposed  capability.  The  CWSU  at 
each  ARTCC  would  become  the  focal  point  for  all  weather 
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information  for  the  Center  area*  The  CWSU  would  receive  PIREPs 
from  ARTCC  controllers  or  from  pilots*  The  CWSU  would  receive 
the  rest  of  its  information  from  the  Center  Weather  Processing 
Complex  (CWPC).  The  CWPC  would  consist  of  the  FSDPS  augmented 
with  additional  data  processing  equipment  and  of  a  new  radar 
data  processing  capability  for  NEXRAD  data*  The  CWPC  would 
receive  weather  information  from  many  sources  and  would  make 
graphic  and  alphanumeric  information  available  to  the  CWSU. 

CWSU  personnel  would  analyze  the  information  and  would  prepare 
weather  advisory  information  in  alphanumeric  and  graphic  (PVD) 
form.  This  would  be  sent  to  the  CWPC  for  distribution  to 
aircraft  (via  the  DABS  Data  Link  Applications  Processor),  to 
ARTCC  sector  controllers  (via  the  9020,  9020R,  and/or  ETABS), 
and  to  TRACONs  and  Towers  (via  T1DS).  No  decision  has  been 
reached  as  to  the  method  by  which  CWSU  personnel  would  send 
graphic  data  to  controllers'  situation  displays  in  ARTCCs  and 
TRACONs.  The  Tower  and  TRACON  weather  processing  functions 
would  be  part  of  TIDS. 

2.1.3  Processing  and  Display  of  ATC  and  Related  Data 

This  section  and  the  following  sections  are  concerned  with  the 
software  functions  that  process  data  within  the  ARTCC,  as 
opposed  to  the  equipment  used  for  input,  output,  and 
processing.  The  latter  subjects  were  discussed  in  the  previous 
two  sections  (2.1.1  and  2.1.2). 
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Flight  Data  Processii 


Currently,  Flight  Data  Processing  Is  performed  automatically  In 
the  CCC.  This  function  collects  and  processes  Flight  Plans  and 
related  data  so  as  to  provide  Information  to  controllers  and  to 
other  processing  functions  (e.g.,  Flight  Plan  Aided  Tracking, 
Conflict  Alert).  Processed  flight  data  Information  Is  printed 
on  flight  progress  strips,  displayed  on  Computer  Readout 
Displays,  and  sent  to  adjacent  facilities  (ARTCCs,  TRAOONs, 
etc.).  Flight  Data  Processing  Includes: 


o  the  acceptance  and  processing  of  flight  data  entered 
from  within  the  ARTCC  and  from  remote  locations 


o  the  storage  and  processing  of  pre-filed  flight  plans, 
and  making  such  flight  data  available  at  the  correct 
chronological  time 

o  the  preparation  of  fix  time  calculations 

o  the  storing  and  readout,  upon  request,  of  selected 
weather  observations,  altimeter  settings,  etc. 

Flight  data  processing  Includes  the  checking  and  conversion  of 
filed  routes  of  flight  that  are  contained  within  flight  plans. 

It  must  process  many  varieties  of  routes  (from  random  direct 
routes  to  highly  structured,  pre-stored  routes)  so  as  to  provide 
check  points  and  calculated  times  of  arrival  for  use  by 
controllers  and  by  other  software  functions. 
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2. 1.3. 2  Near  Term  Improvements 


DARC 


There  are  a  number  of  Near  Term  DARC  enhancements  that  would 
provide  Improved  backup  display  capabilities  to  controllers. 
Specifically,  automatic  tracking  and  surveillance  data 
mosaicking  should  significantly  aid  controllers. 

Maintenance 


Remote  Maintenance  Monitor  System  (RMMS)  data  will  be  available 
from  RCAG  equipment  and  VORTAC  equipment.  Such  data  will  be 
received  and  processed  by  the  Maintenance  Processor  System  at 
each  ARTCC.  Further  information  on  this  subject  is  available  in 
2. 1.2. 2. 


FI l^ht  Data  Processing 

Current  plans  do  not  provide  for  any  specific  changes  in  the 
automated  Flight  Data  Processing  function  for  the  Near  Term. 

2. 1.3. 3  Far  Term  Improvements 

DABS/ATARS/DABS  Data  Link 


DABS/ATARS  data  from  selected  Terminal  Surveillance  Sites  is 
expected  to  be  available  for  use  at  some  ARTCCs.  DABS  Data  Link 
services  will  not  be  provided  to  the  ARTCCs  by  terminal  DABS 
iltes  except  for  ATARS  related  messages.  Interfaces  and  display 
ormats  will  be  designed  for  the  ARTCC  to  handle  surveillance 
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and  ATARS  data  from  Terminal  DABS  Sites.  Decisions  have  not 
been  made  as  t  whether  or  not  Terminal  DABS  Sites  will  be 
interfaced  with  ARTCCs  and  whether  or  not  data  from  those  sites 
will  be  displayed  to  en  route  controllers.  However,  for  the 
purposes  of  this  document,  it  has  been  assumed  that  both  the 
interfacing  and  display  capabilities  will  be  implemented. 


ETABS 


In  the  Far  Term,  the  expected  implementation  of  ETABS  will 
provide  some  flight  data  processing  capability  especially  in 
its  role  as  backup  to  the  CCC.  (See  2.1. 2. 3  for  further 
information  on  ETABS.) 

Maintenance 


RMMS  data  for  En  Route  Surveillance  Sites  would  be  available  for 
processing  by  the  Maintenance  Processor  System  at  each  ARTCC. 


FDEPs,  FDIOs,  and  TIPS 

In  the  Far  Term,  ARTCCs  would  interface  with  TIDS  (Terminal 
Information  Display  System)  at  some  TRACONb  (Terminal  Radar 
Approach  Control,  IFR  Room).  Flight  progress  strips  would  not 
be  prepared  for  TIDS-equipped  TRACONs.  TRACONs/ TRAC ABs  receive 
flight  progress  strips  (via  FDEPs  in  the  Current  system;  FDIOs 
in  the  Near  Term  system)  and  flight  plans  (via  the  terminal 
computer  -  ARTS  III  or  ARTS  II)  from  their  host  ARTCCs.  The 
ARTS  computers  are  only  sent  flight  plans  for  those  aircraft 
that  are  to  arrive  or  depart  within  the  next  few  minutes.  In 
the  Far  Term,  it  is  expected  that  ARTCCs  will  send  flight  data 
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to  TIDS-equipped  TRACONs  as  much  as  two  hours  In  advance  of  the 
scheduled  arrivals  or  departures. 

2. 1.3. A  Potential  and  Longer  Range  Improvements 


AERA 


AERA  (Automated  En  Route  Air  Traffic  Control)  Is  an  advanced  air 
traffic  control  capability  that  Is  currently  under  development. 
The  following  brief  description  is  based  on  Reference  2-32. 

Two  of  the  most  Important  ways  in  which  AERA's  capabilities 
differ  from  the  capabilities  of  the  current  ATC  system  are: 

o  Overall,  Integrated  planning  and  monitoring  of  each 

Individual  flight.  The  AERA  planning  process  approaches 
a  complete,  beglnnlng-to-end ,  automated  planning  and 
monitoring  of  each  flight.  The  process  would  minimize 
in-flight  changes  and  provide  a  conflict-free  path. 

o  Overall,  Integrated  planning  and  monitoring  o£  the 
three-dimensional  flow  of  all  air  traffic  In  an  AERA 
planning  region.  The  planning  and  monitoring  would 
provide  metered,  conflict-free  flow  using  flight  plan, 
surveillance,  wind,  weather,  and  aircraft  data. 

AERA  would: 

o  Perform  routine  aircraft  separation.  This  would  be  done 
with  minimum  deviation  from  the  desired  flight  plans.  It 
would  continuously  project  flight  plans  10  to  30  minutes 
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into  the  future.  Within  these  projections,  it  would  i 

look  for  delays  and  conflicts  that  have  high 
probabilities  of  occurring  and  would  plan  solutions  for 
such  situations. 

'  i 

! 

o  Control  routine  traffic  flow.  This  would  include  the 
automatic  apportioning  of  delays  and  the  automatic 
limiting  of  the  incoming  traffic  flow  to  AERA  planning 
regions.  Such  regions  would  consist  of  a  number  of 
sectors. 

o  Generate,  deliver,  and  acknowledge  routine  clearances. 

o  Allow  controllers  to  be  ATC  managers.  They  could  check 
the  routine  AERA  ATC  processing  and  intervene  when  they 
wish,  rather  than  be  constantly  engaged  in  routine  work. 

o  Automatically  adjust  all  affected  flight  plans  and 
clearances  to  changed  situations*  It  would  adjust  to 
the  unexpected  deviation  of  a  single  aircraft  or  to 
general  changes  such  as  airport  runway  closures,  severe 
weather,  or  malfunctioning  of  navigation  equipment. 

o  Generate  and  transmit  flow  control  requests  to  adjust 
facilities  and/or  the  national  flow  control  system.  It 
would  also  accept  and  act  upon  flow  control  requests 
from  adjacent  facilities  and  the  national  flow  control 
system. 

J 

o  Require  no  special  avionics  equipment. 
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The  use  of  AERA  should  allow: 

o  Widespread  use  of  direct  routes  and  fuel-efficient 
altitude/speed  profiles  (departure,  cruise,  arrival). 

o  An  increase  in  controller  productivity.  A  controller 
would  not  have  to: 

-  Plan  and  implement  efficient  conflict  resolutions. 
Transmit  clearances  and  receive  acknowledgements. 

-  Handle  as  many  transfers  of  responsibility 
(handoff s) ,  since  AERA  would  reduce  the  number  of 
sectors  per  ARTCC. 

o  A  reduction  in  the  number  of  System  Errors  (observed 
violations  of  ATC  separation  standards).  The  reduction 
should  occur  as  a  result  of  controllers  being  relieved 
of  routine  functions. 

o  Aircraft/Air  Crew/Air  Carrier  users  to  file  requests  for 
specific  detailed  altitude/speed  profiles,  or  general 
(horizontal)  routes.  AERA  would  accommodate  the  users 
to  as  large  an  extent  as  possible,  but  in  any  case, 
would  provide  routes  and  profiles  tailored  to  the 
aircraft  and  the  environment. 

o  A  decrease  in  procedural  limitations  in  the  use  of 
airspace.  In  today's  ATC  system,  there  are  procedural 
restrictions  that  keep  aircraft  at  inefficient  low 
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altitudes  or  on  circuitous  routings.  These  procedures 
are  pre-arranged  among  ATC  facilities  to  ensure  that 
potentially  conflicting  traffic  flows  will  always  be 
separated,  either  laterally  or  vertically,  after 
allowing  for  a  range  of  individual  deviations.  Since 
the  flows  are  separated,  limited  deviations  need  not  be 
dealt  with,  and  individual  clearances  need  not  be 
coordinated  with  other  ATC  sectors  or  facilities.  The 
limiting  factor  that  leads  to  the  imposition  of 
procedural  restrictions  is  the  controller's  capacity  to 
coordinate  clearances  -  not  the  saturation  of  airspace 
with  aircraft.  Therefore,  a  more  automated  process  for 
coordinating  individual  flight  clearances  should  greatly 
reduce  the  need  for  rigid  flow  restrictions.  Only 
Isolated  "hot  spots"  that  are  not  amenable  to  reliable 
automated  conflict  resolution  would  have  procedural 
restraints. 

The  implementation  of  the  full  capabilities  of  AERA  is 
contingent  upon  the  replacement  of  current  en  route  computers, 
since  they  do  not  have  the  capacity  to  handle  all  of  the  AERA 
functions.  However,  many  of  the  AERA  functions  would  be  useful 
in  the  current  National  Airspace  System,  and  could  be 
implemented  in  augmentation  processors  attached  to  the  current 
NAS. 

ATARS/DABS  Data  Link 


A  longer  range  improvement  is  the  availability  of  ATARS  data 
from  En  Route  Surveillance  Sites.  A  brief  description  of  ATARS 
can  be  found  in  2. 1.4. 4.  Further  information  on  the  subject  can 
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be  found  In  3.1.4.  DABS  Data  Link  capabilities  would  be 
available  to  the  ARTCC  in  connection  with  the  implementation  of 
DABS/ATARS.  A  description  of  these  capabilities  can  be  found  in 
2.1. 5.4. 


2.1.4  Aircraft  Separation  Services 


2. 1.4.1  Current  System 

Conflict  Alert 


Currently,  through  Conflict  Alert,  controllers  are  provided  with 
warnings  of  potential  conflicts  between  all  tracked  aircraft  in 
the  system.  The  Conflict  Alert  function,  and  the  inputs  and 
outputs  for  that  function,  are  contained  within  the  CCC.  Alerts 
can  result  from  the  present  positions  or  predicted  future 
positions  of  aircraft.  Alerts  are  displayed  to  appropriate 
controllers.  Controllers  determine  their  own  solutions  to 
conflict  situations  with  virtually  no  automation  aid. 

2. 1.4. 2  Near  Term  Improvements 


Conflict  Alert 


Current  plans  call  for  the  addition  of  an  IFR/VFR  Conflict 
Advisory  Function  in  Conflict  Alert  in  the  Near  Term.  This 
function  would  provide  automatic  detection  of  immediate 
potential  conflicts  between  a  normally  tracked  aircraft  and  a 
Mode  C  equipped  VFR  intruder  aircraft. 


C. 
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Conflict  Resolution  Advisory 

In  the  Near  Term,  It  Is  expected  that  the  Conflict  Resolution 
Advisory  function  will  be  available  to  aid  controllers  in 
resolving  many  of  the  aircraft  conflicts  predicted  by  the 
Conflict  Alert  function*  The  Conflict  Resolution  Advisory 
function  would  provide  resolution  advisory  service  for  potential 
conflicts.  All  of  the  Inputs  to  the  Conflict  Resolution 
Advisory  function  would  come  from  information  in  the  ARTCC's 
data  base.  Aircraft  positional  information  would  come  from  the. 
Automatic  Tracking  function.  Indications  of  potential  conflicts 
would  come  from  the  Conflict  Alert  function.  Resolution 
advisories,  the  outputs  of  the  Conflict  Resolution  function, 
would  be  displayed  to  appropriate  controllers. 

Active  BCAS 


Active  BCAS  (Beacon  Collision  Avoidance  System)  Is  an 
improvement  related  to  Conflict  Alert  that  is  expected  to  be 
accomplished  through  systems  that  would  not  be  contained  within 
ARTCC  buildings.  It  Is  mentioned  here  because  of  its 
relationship  with  Conflict  Alert.  Active  BCAS  is  planned  for 
implementation  in  the  Near  Term.  BCAS  would  serve  as  a  backup 
to  the  Conflict  Alert  capability  provided  by  ARTCCs.  It  is 
anticipated  that  BCAS  avionics  would  be  installed  in  most  air 
carrier  and  high  performance  general  aviation  aircraft.  BCAS  is 
an  airborne  collision  avoidance  system  that  would  function 
through  replies  that  it  would  receive  from  DABS  and  ATCRBS  (Air 
Traffic  Control  Radar  Beacon  System)  transponders  on  other 
aircraft.  It  would  use  these  inputs  to  calculate  range, 
relative  altitude,  and  closing  rate  information  in  relation  to 
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the  other  aircraft  that  are  possible  collision  threats.  When 
the  projected  time  to  collision  is  about  30  seconds,  BCAS  would 
indicate  recommended  avoidance  maneuvers  on  a  display  in  the 
cockpit  of  the  BCAS-equipped  aircraft.  More  detailed 
information  can  be  found  in  3.1.4. 

2. 1.4. 3  Far  Term  Improvements 

No  direct  Far  Term  en  route  improvements  in  Aircraft  Separation 
Services  are  planned  for  the  Far  Term.  Indirect  improvements  in 
this  area  may  be  available  through  the  ATARS  data  that  is 
expected  to  be  available  from  selected  Terminal  Surveillance 
Sites.  ATARS  (Automatic  Traffic  Advisory  and  Resolution 
Service)  would  be  installed  at  Terminal  DABS  Sites  in  the  Far 
Term.  Terminal  ATARS  is  being  designed  to  provide  ATARS 
services  to  selected  adjacent  ARTCCs.  The  specific  en  route 
processing  and  display  of  such  data  have  not  been  determined. 

2. 1.4. 4  Potential  and  Longer  Range  Improvements 


ATARS 


ATARS  1 s  a  backup  collision  avoidance  capability  that  as 
currently  planned,  would  not  have  any  portions  of  its  hardware 
or  software  housed  in  ARTCC  buildings.  It  is  mentioned  here 
because  of  its  relationship  with  Conflict  Alert.  DABS  and  ATARS 
are  expected  to  be  implemented  at  En  Route  Surveillance  Sites 
after  replacement  of  the  en  route  ATC  computers*  There,  they 
will  provide  more  extensive  ATARS  service  to  ARTCCs.  ATARS 
would  track  target  data  obtained  from  DABS  and  check  projected 
aircraft  positions  for  closeness  to  one  another.  When 
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appropriate,  ATARS  would  prepare  warning  messages  and 
recommended  resolution  maneuvers  for  upiinking  to 
DABS/ATARS-equipped  aircraft  through  DABS  Data  Link  (see 
2. 1.5. 4).  The  information  could  be  displayed  to  the  pilot  on  an 
ATARS  display  in  the  cockpit.  This  information  could  also  be 
sent  to  TRACONs  and  ARTCCs  for  display  at  appropriate  sector 
positions.  More  detailed  information  on  ATARS  can  be  found  in 
3.1.4. 

AERA 


AERA  would  provide  aircraft  separation  services.  It  has  been 
described  in  2. 1.3. 4. 

BOAS 

Full  BCAS  is  a  potential  backup  aircraft  separation  service.  It 
is  a  more  sophisticated  version  of  Active  BCAS  (see  2. 1.4. 2).  A 
more  detailed  description  of  Active  and  Full  BCAS  can  be  found 
in  3.1.4. 


2.1.5  Communication  with  Aircraft 

2. 1.5.1  Current  System 

Currently,  controllers  send  and  receive  much  information  through 
voice  radio  (UHF  and  VHF)  connections  with  aircraft. 

2. 1.5. 2  Near  Term  Improvements 

No  Near  Term  changes  are  included  in  the  current  plans. 
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2.1. 5.3  Far  Term  Improvements 


No  Far  Term  changes  are  Included  in  the  current  plans. 

2. 1.5.4  Potential  and  Longer  Rang.?  Improvements 

DABS  Data  Link  and  CMA  (Control  Message  Automation)  are  longer 
range  improvements.  DABS  Data  Link  is  being  planned  and 
designed  as  a  supplement  to  the  voice  radio  capabilities.  Many 
routine  and  high-priority  messages  could  be  transmitted  via  Data 
Link.  CMA  would  provide  the  link  between  the  ARTCC  (the 
controllers  and  automated  functions)  and  the  Data  Link 
processing  capabilities  at  the  DABS  site.  CMA  would  handle 
functions  such  as  formatting,  internal  management  of  records  and 
messages,  and  the  establishment  and  use  of  priorities  for  data 
link  messages.  CMA  would  handle  messages  that  may  be  generated 
through  functions/features  such  as  Altitude  Assignment, 

Frequency  Assignment,  AERA,  and  EMSAW.  Conflict  Resolution 
Advisory,  ETABS,  etc.  Work  is  underway  in  these  areas,  but  the 
overall  use  of  DABS  Data  Link  for  communication  between  ARTCCs 
and  aircraft  has  not  been  determined. 

2.1.6  Detection  of  Unsafe/Unacceptable  Use  of  Airspace 
2. 1.6.1  Current  System 

Currently,  EMSAW  (En  Route  Minimum  Safe  Altitude  Warning  System) 
uses  computer  software  to  automatically  compare  reported 
aircraft  altitudes  to  minimum  safe  altitudes  in  order  to  detect 
instances  in  which  an  aircraft  is  now,  or  in  the  near  future 
will  be,  below  a  minimum  safe  altitude.  EMSAW  warns  a 
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controller  of  such  a  situation  through  Information  displayed  on 
the  controller's  PVD.  The  controller  then  advises  the  aircraft 
air  crews  of  the  situation  through  voice  radio- 

2. 1.6. 2  Near  Term  Improvements 

No  Near  Term  improvements  are  currently  planned. 

2. 1.6.3  Far  Term  Improvements 

No  Far  Term  improvements  are  currently  planned. 

2. 1.6. 4  Potential  and  Longer  Range  Improvements 

ATARS  Avoidance  Advisories 


Additional  capabilities  for  detecting  unsafe  or  unacceptable  use 
of  airspace  are  expected  to  be  implemented  as  part  of  ATARS. 
These  would  provide  pilots  and  controllers  with  real-time 
messages  that  would  allow  aircraft  to  avoid: 

o  Terrain  (hills,  valleys,  sloping  land), 

o  Obstacles  (TV  towers,  microwave  relay  towers,  radio 
towers,  tall  buildings),  and 

o  Special  Airspace  (Terminal  Control  Areas,  Restricted 
Airspace,  Prohibited  Airspace). 

The  avoidance  information  would  also  be  needed  by  ATARS  in  order 
to  prevent  collision  avoidance  resolution  advisories  from  being 
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given  that  would  maneuver  aircraft  into  terrain,  obstacles,  or 
special  airspace.  Preliminary  Investigations  of  these  functions 
have  been  made. 

AERA 

AERA  would  incorporate  monitoring  of  aircraft  as  to  their 
occupation  of  airspace  that  is  acceptable  as  to  altitude  and 
other  restrictions.  More  detailed  information  on  AERA  can  be 
found  in  2. 1.3. A. 

DABS  Data  Link 

A  potential  Improvement  that  is  being  considered  is  the  use  of 
DABS  Data  Link  to  uplink  ATARS  Terrain,  Obstacle,  and  Special 
Airspace  Avoidance  Advisories  and/or  EMSAW  Avoidance  Advisories 
to  aircraft. 

2.1.7  Traffic  Flow  Management 

Local  Flow  Control 


Local  Flow  Control  is  concerned  with  the  general  flow  of  traffic 
within  an  ARTCC's  boundaries.  Local  Flow  Controllers  monitor 
events  that  may  cause  marked  increases  or  decreases  in  traffic 
flow  in  particular  areas.  When  warranted,  they  take  actions  to 
adjust  the  resources  of  the  ARTCC  to  these  events.  Examples  of 
events  that  are  looked  for,  are:  severe  weather  in  an  ARTCC 
area,  an  unusually  large  gathering  of  people  for  a  special  event 
(e.g.,  sporting  event,  political  meeting,  business  convention), 
and  a  current  or  future  buildup  of  traffic  within  specific 
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sectors.  Actions  that  can  be  taken  includes  changing  the  flow 
of  traffic,  changing  sectorizat ion,  distributing  ATC-caused 
delays  equitably  among  aircraft,  and  arranging  for  additional 
controllers  to  be  available  to  handle  heavy  predicted  loads. 

En  Route  Metering 

En  Route  Metering  organizes  the  flow  of  en  route  traffic  bound 
for  terminal  areas.  The  objective  of  the  En  Route  Metering 
Function  is  to  deliver  aircraft  to  terminal  feeder  fixes  at 
those  times  that  will  provide  the  following  features  to  as  large 
an  extent  as  possible  without  compromising  safety: 

a.  Satisfaction  of  the  TRACON's  required  acceptance  rate, 

b.  Conservation  of  fuel  through  the  use  of  delay 
absorption  methods  (i.e.,  speed  reductions  and  idle 
thrust  descents)  and  transferring  major  delays  to 
high  altitude  airspace, 

c.  Equitable  distribution  of  ATC-caused  delays 
(including  previous  delays  in  the  air  and  on  the 
ground)  among  the  various  flights,  and 

d.  Minimum  congestion  and  noise  in  and  around  terminal 
areas • 

Two  levels  of  automation  have  been  identified  in  this  area: 

o  En  Route  Metering  I.  This  is  the  package  specified  by 

Configuration  Control  Directive  4319. 
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o  En  Route  Metering  II.  This  is  the  package  specified  by 
"En  Route  Metering  Functional  Specification"  of 
September  1980  (Reference  2-7). 

2. 1.7.1  Current  System 


En  Route  Metering 

With  the  exception  of  the  Fort  Worth  and  Denver  ARTCCs,  metering 
is  currently  performed  manually  by  metering  position  personnel 
or  by  individual  sector  controllers.  They  plan  the  delivery  of 
arrival  flights  to  terminal  feeder  fixes  to  satisfy  the  TRACON's 
desired  acceptance  rate  (where  acceptance  rate  may  be  related  to 
airways  or  the  entire  TRACON  airspace). 

En  Route  Metering  I  is  operational  at  Fort  Worth  and  Denver,  and 
will  be  implemented  nationally  early  in  the  Near  Term.  As 
indicated  in  Reference  2-7,  this  capability  provides: 

1.  Acceptance  rate  metering  to  one  or  more  airports  so  as 
to  schedule  flights  for  delivery  to  a  merge  point  with  a 
uniform  time  separation  to  match  the  acceptance  rate 
specified  by  the  airport, 

2.  Tabular  displays  at  one  or  more  Metering  Positions  to 
present  such  information  as  meter  fix  crossing  times  and 
calculated  landing  times, 

3.  Tabular  displays  at  the  arrival  sector  R-positions  to 
present  the  time  at  which  each  metered  flight  should  cross 
its  meter  fix  (and  the  estimated  delay  to  meet  that  time). 
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4.  A  repertoire  of  Metering  Position  input  actions  which 
allow  the  controller  to  enter  data  such  as  the  airport 
acceptance  rate  and  the  runway  conf iguration  in  use  at  the 
metered  airport. 

2.1. 7.2  Near  Term  Improvements 

Local  Flow  Control 


No  direct  improvements  in  Local  Flow  Control  are  currently 
planned  for  the  Near  Term.  However,  indirect  improvements  will 
be  available  through  En  Route  Metering  II  (see  below).  That 
function  will  simplify  Local  Flow  Controllers'  work  because  of 
its  organization  and  smoothing  of  traffic  flow  to  terminal  areas. 

En  Route  Metering 


En  Route  Metering  II  will  be  implemented  in  the  Near  Term.  As 
indicated  in  Reference  2-7,  it  will  expand  upon  the  functional 
capabilities  provided  by  En  Route  Metering  I.  The  major 
additions  will  be: 

1.  The  generation  and  display  of  advisories  to  the 
controllers  suggesting  how  the  required  delay  may  be  taken 
in  a  fuel-conservative  manner,  in  addition  to  adviser >  the 
controller  of  the  amount  of  required  delay  asso  'at  *ith 
the  suggested  advisory.  The  types  of  advisor'  .  jenei  ,ed 
are  outer  fix  advisories,  speed  reduction  advisories, 
descent  control  advisories,  and  holding  advisories, 

2.  The  generation  and  display  of  metering  advisories  to 
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R-Controllers  at  sectors  upstream  from  the  arrival  sectors, 
so  as  to  provide  more  system  response  time  for  the 
absorption  of  metering-related  delays, 

3.  An  expanded  repertoire  of  Metering  Position  input 
actions  to  allow  the  selection  of  the  delay  absorption 
strategies  to  be  in  effect  at  any  given  instant  and  to 
permit  a  greater  degree  of  control  over  the  metering 
process,  and 

4.  A  capability  for  extending  the  automated  metering 
process  beyond  the  individual  center  boundaries  via  the 
existing  computer-to-computer  interface  for  the  exchange  of 
metering-related  data*  (i.e.,  outer  fix  advisories  and 
inter-center  radar  track  updates). 

2.1. 7.3  Far  Term  Improvements 

Local  Flow  Control 

No  direct  improvements  in  Local  Flow  Control  are  currently 
planned  for  the  Far  Term.  However,  indirect  improvements  may  be 
available  through  the  automated  ARTCC-TRACON  interface  described 

I 

in  the  next  paragraph.  The  interface  would  aid  the  metering 
process  and  thus  simplify  Local  Flow  Controllers'  work. 

t 

En  Route  Metering 

In  the  Far  Term,  an  automated  interface  would  be  provided 
between  En  Route  Metering  and  Terminal  Sequencing  and  Spacing  so 
as  to  allow  the  exchange  of  metering  data.  This  data  would 
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Include  such  real-time  Information  as  runway  acceptance  rates, 
runway  slot  usage,  or  flight  data  for  specific  terminal  flights. 

2.1. 7.4  Potential  and  Longer  Range  Improvements 


AERA 


A  longer  range  potential  Improvement  affecting  this  area  is 
AERA.  This  function  would  solve  routine  spacing  and  sequencing 
problems  and  implement  the  solutions  through 

automatically-generated  messages  sent  to  pilots  via  Data  Link  or 
voice  radio.  AERA  would  significantly  aid  or  replace  the  Local 
Flow  Control  function  and  would  include  the  capabilities  of  En 
Route  Metering  among  its  functions.  (See  2. 1.3. 4  for  further 
information  on  AERA.) 

Integrated  Flow  Management 

Integrated  Flow  Management  (IFM)  is  a  concept  that  may  be 
implemented  as  a  longer  range  improvement.  IFM  Is  a  planning 
process  that  would  provide  for  communications  and  coordination 
among  the  various  ATC  facilities  (Central  Flow  Control, 

En  Route,  TRACON,  Tower  Cab)  to  assure  the  efficient  utilization 
of  existing  resources  to  meet  the  demand  imposed  on  the  ATC 
system.  It  is  concerned  with  a  coordinated  and  efficient 
systemwide  operation  and  does  not  exercise  any  direct  control  of 
individual  aircraft.  Preliminary  work  is  underway  on  IFM. 

2.2  En  Route  Facilities  Connectivity 

Figures  2-4,  2-5,  and  2-6  show  respectively,  the  Current,  Near 


2-44 


Aircraft 
and  Crew 


L 


f 


J 


Ln  Route 
Survei 1  lance 
Site 


Qi  i  ?  i  ;e  i 
Aircraft 
Tar je* 

Report',  jn.1 

22  weather 

'  Prec  imitation) 

Data 


Broa  i r.i •  ■? 

Ai  r-  r  a  *' ' 

Returns  and 

Repl ies , 

22  weather 

i Prec i pi  tat  ion • 
Returns 


Flljh*  Plans. 

FP  Moll  fit  at  I ors . 
Request* , 

C 1 paranc es , 

Adv « ; or ies . 

PIRfPs. 

Seue-1-  for  PIREPs, 
Progress  Reports 


pigi ti/ed 
.  [)  .Jea  t  ►’pr 
, Prc,  l pj  ta l  ion , 
Data 


A  i  rpor t 
weather 
Sensor 
Data 


Data 


1FR  Flight  Plar  .. 
FP  Change. 


D  I  V 


TRACQ'. 


Cnord i nat ion . 

PI  p£Ps, 

Requests  for  PPEPs 
NOT AMs 

Coord  1 nat inn . 

PIRFPs.  WSU 

Weather  Data 


F 1  i  j  n  t  P ! 
Flight  Pr 
Strip  Oat 
'FOEP, 


DOC 


± 


FUNCTIONS/ FEATURES 


En  Route  Oata  Processing  Equipment 

En  Route  Input/Output  Equipment 

Processing  and  Display  of  ATC  and  Weather  Data 

Aircraft  Separation  Services 

Communication  with  Aircraft 

Detection  of  i/nsa fe/Unacceptab! e  Use  of  Airspace 
Traffit.  Flow  Management 


CCC  ( 90 1  jA> 

( CDC  or 
CED.  CRD,  P»: 
Capabi 1 tties . 
cwsu  at  art:c 

Conflict  Alf 
Voice  via  • 
En  Route  MSA« 
En  Route  Met* 


DDC 


TT 


DDC 


Flight  P ' i«i 
FP  Char  jp\ . 

Hando  f f  S  . 

T rac  ns  . 

hoI  ds 


Coordination  Coordinator 


TTY 


FI ight  PI ans  , 

FP  Changes  ; 
Departures , 

Handof fs  , 

General  Information 


Canadian  En  Route 
Facility 


kVP 


Flight  Plans, 
FP  Changes; 
Domes ti c 
Departures , 
Diversions 


j  Flow 
I  Activity, 

| Status , 
j  Weather , 
jcCP  and  CARF 


I  Information 


Central 
Flow  Control 
Computer 
Compl ex 


i  FAX  * 

TTY 

Traffic 

Forecasts. 

Quota 

Flow  Control 
Information, 
FAD 

Information, 
System  Status 
Reports 


FAX 


NOAA 

Satel 1 ite 
Pictures 


Satellite 

Field 

Service 

Station 


TTY 


PIREPs, 
Weather, 
Altimeter 
Data , 
NOTAMs 


L 


LEGEND 


0  ■  Direct! y  Wired 
DOC  •  Digital  Data  Channel 
TTY  *  Teletypewriter  Channel 
FAX  •  Facsimile 
V  •  Video  Channel 


VP  ■  Voice  Phone 

VV  •  Voice,  VMF  or  UMF  Radio 


lower  Cab  R 

(high  HR  Activity  Airport}! 


Airport  ASR/ATCBI 
weather  DR  I  "l 
.ensor  S  jrve i 1 1  an-.e 

.'.a  t  a  Data 


'  -  .if  :  i  •  »  * »  f- , 

t'-PF :  .  CW  ij 
dH.i'nK  Data 


fl i  ;n*  Plan  and 
Fliqh*  Progress 

Strip  Data 

I  ( F  Di  P 


C  Oitr-J  i  na  f .  i  on  ,  H  j  r.  Jo  r  t . 
Weatner  ,  Al rpot  ! , 
Arrival  Strip, 

Arrival  Sejueme,  ar.j 
wind  Shear  Data 


F 1 ight  Flan  and 
Flight  Progress 
Strip  Data 
(FDEPj 


F  1  i  '|h*  Plan*,, 

FP  .‘nanges, 
n<j  n  Jo*  f  ■. , 

T  r,t.  ►  . 

Departure . 

7  err  mate  Deacon  Cole. 
General  l "forma?  i')". 
Tower  [r.  Route  Message - 


VFR  Tower  | 
(FDEP  Equipped)  ' 


Coordination 


Flight  P!a?-  and 
F 1 i ght  Progress 
Strip  Data 

(FDLP) 


C.URRtV  I Mf_LFMENTAT_10N 

CCC  (9020A-.  or  9Q?ODs ) ,  Display  Channel  Processor 
(CDC  or  90?0E  ) ,  I0CE  (9020As  or  902'JDs),  DARC.  SMMC 
CED,  CRD.  PVD.  FSP.  Broadband  Surveillance  Data 
Capabilities,  DARC 

CWSU  at  ARTCC.  ATC  and  Weather  Data  on  PVOs 

Confl ict  Alert 

Voice  via  Radio 

En  Route  MSAW 

En  Route  Metering  J 


PI  RE  Ps  . 
Weather . 
Al t imeter 
Data , 
MOTAMs 


Coordination 


Flight  Plans,  ‘ 
FP  Changes;  I 
Bulk  Flight  Plan  Readouts  | 
and  Readout  Requests;  I 
General  Information 

Coordination; 


Flight  Plans, 
FP  Changes; 
Genera  1 
Information 


atel 1 i te 
Field 


Airline  Dispatch 
Office 


Military  Base 
Operations  Office 


FIGURE  2-4 

CURRENT  ARTCC  CONNECTIVITY  DIAGRAM 


En  Route 
Surveillance 
Si  te 


Broadband 
Aircraft 
Returns  and 
Repl ies . 

2D  weathe*- 
(Precipi ration) 
Data 


Di g i t i zed 
Aircra  ft 
Target 
Reports  and 
2D  Weather 
(Precipitation) 
Data 


NWS 

Weather  Radar 


Flight  Plans, 

FP  Modifications; 
Requests . 

Clearances , 
Advisories , 

PIREPs , 

Requests  for  PIREPs, 
Progress  Reports 


1FR  Flight  Plan 
FP  Changes 


Digitized 
20  weather 
(Preci pitation) 
Data 


Coordination, 

PIREPs, 

Requests  for  PIREPs, 
NOTAMs 


Tower  Cab 

(High  IFR  Activity  Airp<  - 

4 

Airport 

>  2 

ASR/ATCBI  i 

Weather 

Sensor 

Surveil- 

Data 

lance 

D 

Data  * 

f  1 

TRACON 

Coordination, 
PIREPS,  CUSU 
Weather  Data 


vu  • 

FI ight  Plan 
&  Flight 
Progress  Strip 
Data , 


ART  CC 

FUNCTIONS/FEATURES 

NEAR  TERM 

DARC  Enhancements ,  Main!* 

1 . 

En  Route  Data  Processing  Equipment 

2. 

FSP  Replacement  uith  Fi 

2. 

En  Route  Input/Output  Equipment 

System  (RRWDS),  SectoP  «■ 
for  RCAGe,  RMS  for  VrlKA 

3 

Processing  and  Display  o J  ATC  and  Weather  Data 

3. 

Radar  Remote  Weather  Die: 

4. 

Aircraft  Separation  Services 

Weather  Displays  (EVE!.'  , 
in  DARC 

5. 

Communication  with  Aircraft 

4 . 

IFR/VF*  'onflict  Advis 

6. 

7  . 

Detection  of  Unsafe/Unacceptable  Use  of  Airspace 

Traffic  Flow  Management 

5, 

Advisory  Function,  BCA .•  ( 
No  Change 

6 . 

No  Change 

?. 

En  Route  Metering  11 

FI ight  Plans , 
FP  Changes, 
Departures . 
Handof fs , 
General  In¬ 


coordination  | 


I  DDC  |  VP  T 

I  I  Traffic  Forecasts, 

Flight  Plans,  FP  Changes,  Flow,  Quota  Flow  Control 

Domestic  Departures,  Activity,  Information,  FAD 

Diversions,  Progress  Status,  Information, 

Reports,  Arrivals;  Inter-  Weather,  CCP,  System  Status 
national  Departures,  Pro-  and  CARF  Reports,! 

greeo  Re[>orte,  Arrivals  Information  a‘.  i  I 
I  |  re  {ue»! A 


NOAA 

Satellite 

Pictures 


Canadian  En  Route 
Facility 


Central  Flow  Control 
Computer  Complex 


Satellite 

Field 

Service 

Station 


rent  system  to  the 
'ed  'n  ■  *  * / 1 .  • y 


PIREPs, 
Weather , 
Altimeter 
Data, 
NOTAMs 


— 

I  Tower  Cab 

UMigh  I f R  Activity  Airport) 

a - 

—  1 

1 

VFR  Tower 

1 _ 

i 

- 

r  a 

i 

— n - 

At  rport 

Weather 
Sensor 
Da  ta 


ASR/ATCBI 

Survei 1  - 

lance 

Oata 


Coordination,  Handoffs. 
Weather,  Airport, 
Arrival  Strip. 

Arrival  Sequence,  and 
Wind  Shear  Oata 

i  VP 


oorjjnat ion, 
PIPE  PS,  CWSU 
Weather  Data 


Flight  Plan 
&  Flight 
Progress  Strip 
Data . 


DDC 


F! ight  Plan 
and  Flight 
Progress 
Strip  Oata 


Flight  PI*. is,  FP 
Changes,  Handoffs 
Track,  Departure. 
Terminate  Beacon 
Code,  General 
Information,  Tower 
En  Route  Messages 


Flight 

Plan 

Data 


Coordi nation 


1 


Via  FDIO: 
Flight  Plan 
and  FI ight 
Progress 
Strip  Data 


NEAR  TERM  IMPROVEMENTS 

DARc  Enhancements ,  Maintenance  Processor  Subsystem. 

F3P  Replacement  with  FDJC,  Radar  Remote  Weather  display 
System  (RRWVS),  SectoP  Weather  Displays  (EWEDS),  HMMS 
for  R'.'AGs,  RMMS  for  VtikTACs 

Radar  Remote  Weather  Display  System  (RRWDS),  Sector 
Weather  Displays  (EWEDS) t  Tracking  Enhancements 
in  DARC 

IFR/VFR  Conflict  Advisory  Function,  Conflict  Resolution 
Advisory  Function,  BCAS  (Active) 

No  'Change 
No  Change 

£>i  Route  Metering  II 


\  t  te 
res 


PIPtP s. 
Weather , 
A1  timeter 
Data , 
NOTAMs 


FAX  Maps 


Coordination 


TTY  K  DDC  VP 

Flight  Plans, 

FP  Changes; 

Bulk  Flight  Plan  Readouts 
and  Readout  Requests; 
General  Information 

Coordination 


TTY  &  DDC 


Flight  Plans, 
FP  Changes; 
General 
Information 


NWS 

Airl ine 

Mi  1 itary  Base 

WMSC 

Dispatch  Office 

Operations  Office 

LEGEND 


0  •  Directly  Wired 
OOC  •  01 gl cal  Oita  Channel 
TTY  •  Teletypewriter  Channel 
FAX  •  Facsimile 
Y  •  Y'deo  Channel 


FIGURE  2-5 

NEAR  TERM  ARTCC  CONNECTIVITY  DIAGRAM 

2-47 


t  vP  ■  Voice  Phone 
W  •  Voice,  VHf  or  jmf  Radio 


Flight  Plans, 
FP  Changes; 
Handoffs , 
Tracks,  Holds 


Adjacent 

ARTCC 


FUNCTIONS/FEATURES 


1.  En  Route  Data  Processing  Equipment 

2.  En  Route  Input/Output  Equipment 

3.  Processing  and  Display  of  ATC  and  Weather  Data 

A  Aircraft  Separation  Services 

5.  Communication  with  Aircraft 

6.  Detection  of  Unsafe/'Jnacceptabl e  Use  of  Airspace 

7.  Traffic  Flow  Management 


Flight  Plans, 

FP  Changes; 
Departures , 

Handoffs , 

General  Information 


Canadian  En  Route 
Facility 


Flight  Plans, 

1  Flow. 

Traffic 

FP  Changes; 

I  Activity, 
•Status, 

Forecasts,  Quota 

Domestic  and 

Flow  Control 

International 

•Weather, 

Information,  FAD 

Departures, 

ICCP,  and 

Information, 

Arrivals, 

jCARF 

System  Status 

Diversions , 

| Information 

Reports , 

Progress  Reports 

Data  Requests 

NOAA 

Satel 1 Ite 
Pictures 


FAR  TERM  IHP= 

ETA  3c 

FT  A  3:',  Fencin'  f  "v 
WMF  f.  r  Fk 

7WS’  FKk  iK?er'*  ►:  *  <■ 

He 

.Vc 

Sc  Tha* i.ie 

Interface  be twcc>.  F> 
Sequeu :  ng  and  . . ; .» ■'  • 


PI REPs, 

Weather 

Altimeter  Data, 
NOTAMs , 

Weather  Maps 


Central 
Flow  Control 
Computer 
Comp! ex 


Satellite 

Field 

Service 

Station 


NOTE:  Changes  from  the  Hear  Term  system  to 
the  Far  Term  are  Indicated  In  italic. 


£  i 


I 

> 

I 


FAR  TERM  IMPROVEMENTS 


f  7  A  31' 

y'AFi.'-t  Penci  l'  ■  •'  Br  iJb '  *  ’.in  v  'ir  j‘  ?s’  •iee , 
h'MMl'  p  y* 2  Rcu**  u t’V e  :*  .*  ’'I *!.'*».'  .~:tee 

:>AP.'  ATARI’  Tat. j  ;V  -  V<?f  ,Vn'w/  '.'  /t  *.  5?  .V*, 

TrV " '  .VnJj  in 
.V'  >i  z»i  ;« 

V.  /rt 
.V<-  ‘^rxn.je 

/nV-r/ji-v  t*>  tween  Kn  Rrute  Watering  md  Ter™f*:a' 

> vu^n.vnw  inti  Jj  aeing 


j  LEG£«0  1 

0  ■  OlrKtlj  »trtd 

DDC  •  Ololtjl  0*t«  ClMnntl 

— 

TTY  •  T«fttyptw"U«r  Channel 

. 

HI  • 

v  •  «t«e  CMKMl 

j  i  vp  •  vole#  Rho"t  1 

Lim 

l  vv  •  Yo  1c#,  YHF  or  JMf  Radio 

FIGURE  2-6 

FAR  TERM  ARTCC  CONNECTIVITY  OIAGRAM 

2-49 


1 


Term,  and  Far  Term  connections  between  an  En  Route  Facility 
(ARTCC)  and  other  elements  of  the  ATC  system.  The  principal 
changes  In  connectivity  from  the  Current  System  to  the  Near  Term 
System  are  shown  in  italic  type  in  Figure  2-5.  Changes  in 
complete  functions  and  groups  of  improvements  are  further 
emphasized  by  being  enclosed  in  blocks  outlined  with  heavy, 
broken  lines.  Similarly,  italics  and  heavy,  broken  lines  are 
used  in  Figure  2-6  to  indicate  the  principal  changes  in 
connectivity  from  the  Near  Term  System  to  the  Far  Term  System. 
These  changes  are  briefly  described  in  the  following  paragraphs. 

Near  Term 


The  ARTCC  will  communicate  with  Flight  Service  Facilities 
(Flight  Service  Stations  (FSS),  Automated  Flight  Service 
Stations  ( AFSS) ,  and  Flight  Service  Data  Processing  Systems 
( FSDPS) )  rather  than  just  Flight  Service  Stations.  The  ARTCC' s 
communication  with  TRACONs  and  Towers  via  FDEP  equipment  will  be 
changed  to  higher  speed  communication  via  FDIO  equipment. 

Additional  domestic  and  international  flight  movement 
Information  would  be  sent  to  the  ATCCC  from  the  ARTCC  for  use  in 
Central  Flow  Control  calculations.  Data  requests  to  the  ATCCC 
could  be  made  directly  over  2400  bps  channels  from  DTEs  at  the 
ARTCCs;  responses  can  be  received  in  the  same  manner.  Line 
speeds  would  be  increased  for  communications  between  the  ARTCC 
and  Canadian  En  Route  Facilities,  the  ATCCC,  WMSC,  and  some 
Flight  Service  Facilities,  Airline  Dispatch  Offices,  and 
Military  Base  Operations  Offices.  FSPs  in  the  ARTCC  will  be 
replaced  by  FDIO  printers.  The  Maintenance  Processor  Subsystem 
(MPS)  would  provide  remote  monitoring  and  certification  of  RCAGs 
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and  VORTACs  via  Remote  Monitoring  Subsystems  at  these  facilities. 

Except  as  noted  above,  the  following  Improvements  are  Internal 
to  the  ARTCC  and  would  cause  no  significant  changes  In 
connectivity:  DARC  Enhancements,  addition  of  Radar  Remote 
Weather  Display  System  (RRWDS),  addition  of  Maintenance 
Processor  Subsystem,  addition  of  Sector  Weather  Displays 
(EWEDS),  IFR/VFR  Conflict  Advisory  function,  Conflict  Resolution 
Advisory  function,  and  En  Route  Metering  II. 

Far  Term 


In  the  Far  Term,  the  broadband  surveillance  data  would  be 
eliminated.  It  would  no  longer  be  needed  once  the  currently 
planned  DARC  enhancements  are  Implemented,  dual  Common 
Digitizers  (CD-2)  are  implemented,  and  acceptable  digital 
weather  data  is  available.  Digitized  three-dimensional  weather 
data  that  includes  data  on  areas  of  turbulence  In  addition  to 
areas  of  precipitation,  would  be  received  from  NEXRAD  sites. 

Some  terminal  surveillance  sites  would  provide  the  ARTCC  with 
Information  concerning  ATARS  warnings  and  ATARS  recommended 
maneuvers  that  have  been  sent  to  aircraft.  The  CCC  In  the  ARTCC 
will  communicate  with  Automated  Flight  Service  Stations,  the 
FSDPS  in  the  ARTCC,  and  other  FSDPSs.  RMMS  would  be  provided 
with  the  additional  capability  of  remote  monitoring  and 
certification  of  En  Route  Surveillance  Sites.  The  capability  of 
CWSU8  would  be  Improved.  The  ARTCC  would  no  longer  send  flight 
progress  strip  data  to  FDEPs  or  FDIOs  In  some  TRACONs.  Instead, 
TIDS  would  use  the  Flight  Plans  that  it  receives  from  the  ARTCC 
to  prepare  flight  progress  data  to  be  displayed  to  Tower  Cab  and 
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TRACON/TRACAB  controllers.  PIREPs  (Pilot  Reports)  and  Requests 
for  PIREPs  from  the  Aviation  Weather  Processor  (AWP)  would  be 
sent  through  NADIN  digital  data  communication  channels  instead 
of  by  voice.  An  automated  interface  would  be  established 
between  En  Route  Metering  (ARTCC)  and  Terminal  Sequencing  and 
Spacing  (TRACON).  Except  as  noted  above,  the  following 
improvements  are  internal  to  the  ARTCC  and  would  cause  no 
significant  changes  in  connectivity:  ETABS  and  CWSU 
Enhancements. 

2.3  En  Route  Facilities  Tentative  Implementation  Schedule 

Figure  2-7  shows  the  tentative  implementation  schedule  for  the 
principal  improvements  to  the  En  Route  Facilities.  BCAS  and 
Terminal  DABS/ATARS  are  also  Included  since  they  are  closely 
related  to  many  ARTCC  functions. 

Generally,  the  schedules  for  implementation  are  not  schedules 
that  have  been  approved  by  FAA  management.  In  most  cases,  no 
decision  has  been  made  to  implement  the  function.  The  schedules 
are  based  on  the  best  estimates  of  the  times  of  availability  of 
the  Technical  Data  Packages.  The  estimates  have  been  obtained 
from  personnel  who  have  been  working  on  the  specific  function  as 
well  as  from  budgetary  information. 

2.4  En  Route  Facilities  Interface  Planning  Summary 

In  the  preparation  of  this  chapter  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
implemented,  when  they  would  be  implemented,  how  they  would 
function  at  an  En  Route  Facility,  and  how  they  would  interact 
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with  other  facilities*  This  section  identifies  assumptions  and 
areas  of  uncertainty  by  what  are  called  "System  Integration 
Issues" • 

The  Integration  Issues  cited  below  were  identified  during  the 
preparation  of  this  document  and  were  reviewed  with  the 
appropriate  FAA  program  managers*  Follow-up  on  these  issues  was 
undertaken  by  a  joint  Systems  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issues  and  assumptions 
stated  below  were  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  December  1980.  The  reader 
is  cautioned  to  check  for  recent  changes  in  the  status  of  these 
issues  before  forming  any  final  conclusions. 

The  integration  issue  assumptions  pertinent  to  En  Route 
Facilities  are: 

2.4.1  Assumptions  in  Regard  to  DABS,  ATARS,  and  Data  Link 

Issue  202:  Use  of  DABS/ATARS  Data  by  En  Route  and  Terminal 
Automation  Facilities 


It  was  assumed  that  in  the  Far  Term,  ATARS  Advisories  and  DABS 
data  will  be  sent  from  Terminal  DABS  Sites  to  Terminal  ATC 
facilities  and  to  some  adjacent  En  Route  ATC  facilities.  En 
Route  DABS  Sites  will  be  implemented  as  longer  range 
improvements.  ATARS  Advisories  and  DABS  data  will  be  sent  from 
the  En  Route  DABS  Sites  to  En  Route  ATC  Facilities.  En  Route 
and  Terminal  Automation  Facilities  will  display  the  received 
advisories  to  their  controllers. 
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Issue  706:  ARTS  Advisories  on  Non-Mode  C  Aircraft 


It  was  assumed  that  proximity  advisories  will  be  sent  to 
ATARS-equipped  aircraft  for  target  aircraft  that  are  Mode  A 
equipped  or  are  tracked  by  search  radar. 

Issue  208:  ARTCC  Software  for  Use  with  DABS 


It  was  assumed  that  the  initial  ARTCC  software  will  be  able  to 
handle  DABS  surveillance  data,  ATARS  data,  and  interfacility 
control  and  coordination  requirements  (e.g.,  Aircraft  Control 
State).  Later  software  will  handle  en  route  surveillance  site 
data. 

Issue  204:  Use  of  the  DABS  Data  Link 


It  was  assumed  that  the  first  en  route  use  of  the  data  link 
capability  will  be  to  provide  altitude  assignment  confirmation. 
Other  uses  will  follow. 

Issue  205:  CMA  Development  Activities 

It  was  assumed  that  CMA  will  be  designed  and  Implemented  to 
provide  formatting,  internal  management  of  records  and  messages, 
and  the  establishment  and  use  of  priorities  for  those  data  link 
messages  that  originate  within  the  ARTCC. 

Issue  203:  DARC  —  CCC  —  DABS 


It  was  assumed  that  in  the  DABS  era,  DARC  will  be  modified  to 
provide  appropriate  control  and  coordination  capabilities  when 
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the  CCC  is  not  available. 

Issue  702:  DABS/ATARS  Operational  Procedures  Description 

It  was  assumed  that  the  subject  description  will  be  available  to 
specify  the  needed  design  and  Implementation  features. 

2.4.2  Assumptions  in  Regard  to  Other  Issues 

Issue  101:  Backup  ATC  Capability  in  the  Event  of  Catastrophic 
Failure 

It  was  assumed  that  no  overall  backup  capability  that  can  take 
over  all  of  the  operations  of  a  failed  ARTCC  will  be  Implemented 
until  after  the  9020  computers  have  been  replaced. 

Issue  201;  Mode  C  Intruder  Function  (Conflict  Alert) 

It  was  assumed  that  since  the  software  to  provide  this  function 
(IFR/VFR  conflict  Advisory)  was  rewritten,  the  processing  and 
storage  requirements  are  small  enough  that  this  function  will  be 
Implemented  in  the  Near  Term. 

Issue  405:  Traffic  Flow  Management 

It  was  assumed  that  the  various  advanced  systems  and  automation 
improvements  (e.g.,  En  Route  Metering,  Terminal  Sequencing  and 
Spacing,  and  Central  Flow  Control)  that  are  planned  for  traffic 
flow  management  w*ll  be  implemented  as  compatible  packages. 
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Issue  206:  Weather  Program  Definition 

It  was  assumed  that  in  the  Far  Term,  the  CWSU  will  distribute 
tabular  weather  data  to  TIDS  and  ETABS  for  display  to 
controllers*  Further  assumptions  as  to  the  exchange,  use,  and 
display  of  weather  data  are  contained  in  Issue  207. 

Issue  207:  En  Route  Weather  Display  Concept 

It  was  assumed  that  controllers  will  be  provided  with 
two-dimensional  weather  data  from  WSR-57s  on  EWEDS  10" 

(vertical)  sector  displays  in  the  Near  Term.  Three-dimensional 
digitized,  Doppler  weather  data  will  be  available  from  NEXRAD  in 
the  Far  Term.  Turbulent  area  information  from  this  data  will  be 
displayed  as  hazardous  area  contours  on  PVDs  in  the  Far  Term. 
Extensive  use  of  the  three-dimensional  characteristics  of  NEXRAD 
data  will  not  occur  until  after  the  ATC  Computer  Replacement  has 
been  accomplished. 

Issue  211;  VSCS  -  9020  Relationship 

It  was  assumed  that  a  GPI/GP0  peripheral  adapter  module  (PAM) 
will  be  used  to  provide  the  9020  to  VSCS  interface.  The  VSCS 
will  respond  to  reconfiguration  commands  generated  by  the  9020. 

A  VSCS/9020  Interface  Control  Document  (ICD)  will  be  developed 
by  the  VSCS  contractor.  Software  changes  in  the  9020  that  are 
required  to  establish  this  Interface  will  be  kept  to  a  minimum. 
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3.  TRACON  FACILITIES 


This  chapter  describes  the  system  Improvements  planned  for 
TRACON  Facilities  and  the  interfaces  with  other  ATC  facilities 
for  Current,  Near  Term,  and  Far  Term  time  periods*  The  ATC 
facilities  and  time  periods  are  defined  in  Chapter  1. 

This  chapter  is  concerned  with  TRACONs  (Terminal  Radar  Approach 
Control,  IFR  Room)  and  TRACABs  (Terminal  Radar  Approach  Control 
Tower  Cab).  TRACONs  are  at  airports  at  which  approach  control 
is  principally  performed  in  an  IFR  (Instrument  Flight  Rules) 
room.  Additional  approach  control  work  is  performed  at  one  or 
more  associated  Tower  Cabs  at  major  and  satellite  airports. 
TRACABs  are  at  airports  at  which  approach  control  is  performed 
only  in  the  Tower  Cab. 

The  control  exercised  by  TRACON / TRAC AB  Facilities  is  generally 
limited  to  those  aircraft  that  are  operating  close  to  airports 
but  are  not  under  control  of  a  Tower  Cab.  Tower  Cabs  are 
generally  in  control  of  aircraft  that  are  within  five  miles  of 
an  airport  and  are  below  3000  feet  -AGL  (Above  Ground  Level). 

Automation  Equipment 

All  TRACONs  and  TRACABs  are  now,  or  in  the  future  will  be, 
equipped  with  data  processing  equipment  to  provide  automation  of 
some  Air  Traffic  Control  functions.  Three  general  types  of 
automation  equipment  are  used:  ARTS  (Automated  Radar  Terminal 
System)  III,  ARTS  II,  and  TPX-42. 

The  emphasis  in  this  chapter  will  be  on  TRACONs  with  ARTS  IIIA 
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equipment  and  TRACONs /TRACABs  with  ARTS  II  equipment •  ARTS  IIIA 
configurations  provide  the  highest  level  of  terminal 
automation.  TRACONs  and  TRACABs  equipped  with  ARTS  II  or  TPX-42 
equipment  provide  many  of  the  same  functions  as  the  ARTS  III  and 
ARTS  IIIA  TRACONs  but  with  less  sophistication  and  flexibility. 
ARTS  II  is  also  of  particular  importance  because  of  the  current 
widespread  deployment  of  ARTS  II,  the  future  widespread 
deployment  of  ARTS-II-like  equipment,  and  the  magnitude  of  the 
improvements  in  ARTS  II  equipment  and  software  that  are  expected 
in  the  future.  Table  3-1  shows  a  comparison  of  the  features  of 
the  various  current  and  future  terminal  automation  systems. 

Table  3-2  shows  the  current  deployment  of  automation  equipment 
among  the  various  terminal  ATC  facilities. 

Chapter  Content  and  Organization 

Except  where  otherwise  noted,  when  a  TRACON  is  referred  to  in 
the  remainder  of  this  chapter,  it  will  denote  an  ARTS  III  or 
ARTS  IIIA  TRACON.  It  should,  however,  be  kept  in  mind  that  many 
of  the  same  functions  and  capabilities  will  be  available  with 
TRACONs  and  TRACABs  equipped  with  ARTS  II  or  TPX-42  equipment. 

Although  the  basic  organization  of  the  information  in  this 
volume  is  by  facility,  an  exception  has  been  made  in  regard  to 
Aircraft  Separation  Services.  It  was  felt  that  the  principal 
descriptions  of  the  various  Aircraft  Separation  Service 
automated  capabilities  should  not  be  scattered  among  several 
chapters.  Since  Conflict  Alert  is  already  operational  at  major 
terminals,  and  ATARS  (Automatic  Traffic  Advisory  and  Resolution 
Service)  will  have  its  first  Implementation  at  terminal  sites, 
the  TRACON  chapter  contains  the  principal  descriptions  of  the 
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Aircraft  Separation  Service  capabilities  -  even  though  ATARS  and 
BCAS  are  not  contained  within  TRACON  rooms. 

The  remainder  cf  this  chapter  consists  of  the  following  sections: 

o  TRACON  Facilities  Improvements  (3.1).  This  section 
lists  important  functions/features  and  the  Improvements 
planned  for  them.  For  each  function/feature,  there  is  a 
brief  description  of  the  function  and  the  planned 
improvement  s).  The  section  contains  three  Information 
Flow  Diagrams  —  one  for  each  of  the  three  system 
phases:  Current,  Near  Term,  and  Far  Term.  The  diagrams 
show  the  facilities  that  provide  inputs  to  a  TRACON,  the 
principal  types  of  Inputs  provided  by  each  of  these 
facilities,  TRACON  functions,  the  facilities  that  are 
provided  with  outputs  from  a  TRACON,  and  the  principal 
types  of  outputs  provided  to  those  facilities  by  the 
TRACON. 

o  TRACON  Facilities  System  Connectivity  (3.2).  This 

section  contains  three  connectivity  diagrams  —  one  for 
each  of  the  three  system  phases  (see  above).  The 
changes  in  connectivity  between  phases  are  briefly 
described. 

o  TRACON  Facilities  Tentative  Implementation  Schedule 
(3.3).  This  section  contains  a  figure  that  shows  the 
tentative  Implementation  schedule  for  the  principal 
improvements  affecting  the  TRACON  Facilities. 

o  TRACON  Facilities  Interface  Planning  Summary  (3.4). 
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This  section  summarizes  the  major  assumptions  that  were 
made  In  regard  to  the  Implementation  and  interfacing  of 
the  various  Improvements* 


3.1  TRACON  Facilities  Improvements  Summary 

ft 

Tables  3-3  and  3-4  summarize  the  TRACON  Facilities  Improvements 
that  are  planned  for  the  Near  Term  and  Far  Term.  Other 
improvements  that  are  less  likely  to  be  implemented  according  to 
current  plans  are  listed  as  Potential  and  Longer  Range 
Improvements  in  the  same  table.  Table  3-3  is  concerned  with 
ARTS  III  and  ARTS  IIIA  Facilities.  Table  3-4  is  concerned  with 
ARTS  II,  ARTS  IIA,  and  TPX-42  Facilities. 

Figures  3-1,  3-2,  and  3-3  show  respectively,  the  Current,  Near 
Term,  and  Far  Term  information  flow  between  an  ARTS  III  or  ARTS 
IIIA  TRACON  and  other  elements  of  the  ATC  system.  In  each 
figure,  the  TRACON  is  shown  as  a  large  box  in  the  middle.  The 
inputs  to  the  TRACON  are  shown  to  the  left  of  the  box;  the 
outputs  from  the  TRACON  are  shown  to  the  right.  Within  the  box 
itself,  functions/features  are  listed.  For  the  Near  Term  and  Far 
Term  figures,  these  are  the  new  functions/features  that  are 
expected  to  be  available  at  the  end  of  the  period  for  which  the 
figure  was  prepared.  The  Current  figure  shows  the 
functions/features  as  they  existed  in  December  1980.  In  some 
cases,  the  inputs  and  outputs  that  are  listed  are  general 
categories  of  inputs  and  outputs  for  a  TRACON  rather  than  all  of 
the  input  and  output  message  types  within  the  categories. 

The  principal  changes  in  information  flow  and  functions  from  the 
Current  system  to  the  Near  Term  system  are  underlined  in  Figure 
3-2.  Similarly,  underlining  is  used  in  Figure  3-3  to  indicate 
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the  principal  changes  from  the  Near  Term  system  to  the  Far  Term 
system.  The  changes  in  functions,  the  inputs  to  the  functions, 
and  the  outputs  from  the  functions  are  described  in  the 
following  paragraphs. 

3.1.1  Terminal  Data  Processing  Equipment 

This  section  and  the  following  section  (3.1.2  Terminal 
Input/Output  Equipment)  are  generally  concerned  with  equipment 
in  TRACONs/TRACABs,  as  opposed  to  software,  software  functions, 
and  data  processing  in  TRACONs/TRACABs.  However,  for  ARTS  I1A 
and  ARTS  IHA,  software  functions  are  briefly  discussed  since 
they  are  the  major  distinguishing  features  among  the  systems. 

3. 1.1.1  Current  System 

ARTS  III,  ARTS  II,  and  TPX-42  systems  are  the  data  processing 
capabilities  that  are  currently  available  in  TRACONs  and 
TRACABs.  These  capabilities  are  limited  as  to  speed,  computing 
capacity,  and  -  particularly  -  storage  capacity.  These 
capabilities  are  limited  to  such  an  extent  that,  in  the  near 
future,  they  may  be  unable  to  satisfy  the  TRACON/TRACAB  data 
processing  requirements.  This  is  especially  likely  to  occur  if 
the  requirements  grow  (as  they  are  expected  to)  due  to  predicted 
increases  in  traffic  load  and  expected  functional  additions. 
Table  3-1  summarizes  the  features  of  the  various  terminal 
automation  systems. 

ARTS  III 


ARTS  III  systems  are  currently  operational  at  63  TRACONs.  ARTS 
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Ill  is  a  programmable  data  processing  system  that  is  capable  of 
receiving  information  from  various  sources  (surveillance  sites, 
host  ARTCCs,  controllers'  keyboard  entries,  etc.)  and  sending 
information  to  various  destinations  (controllers'  displays,  host 
ARTCCs,  etc.).  Because  it  is  a  general-purpose  data  processing 
system,  it  can  be  programmed  to  provide  various  software 
functions*  Among  its  current  software  capabilities  are 
automatic  tracking  of  beacon  targets,  a  Conflict  Alert  function, 
and  a  Minimum  Safe  Altitude  Warning  (MSAW)  function. 

ARTS  II 


ARTS  II  —  like  ARTS  III  —  is  a  programmable  data  processing 
system.  Its  computing  and  storage  capacities  are  considerably 
less  than  those  of  ARTS  III.  The  first  ARTS  II  site  became 
operational  in  December  of  1978.  As  with  ARTS  III,  ARTS  II  has 
the  ability  to  communicate  with  its  host  ARTCC,  with  controllers 
through  displays  and  keyboards,  etc.  Currently,  ARTS  II  does 
not  provide  automatic  tracking,  Conflict  Alert,  or  MSAW.  It 
does  display  data  blocks  for  both  discrete  and  nondiscrete 
beacon  replies. 

TPX-42 

The  TPX-42  has  the  least  capability  of  the  current; ly-used 
terminal  automation  systems.  It  is  not  a  programmable  data 
processing  system.  However,  various  functions  can  be  controlled 
through  panel  switches  and  dials.  All  of  the  TPX-42  facilities 
are  now  operational.  The  TPX-42  does  not  provide  a  tracking 
function,  a  Conflict  Alert  function,  MSAW  function,  or  tabular 
information  on  situation  displays.  It  does  provide  labels  for 
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discrete  and  nondiscrete  beacon  replies.  However,  the  labels 
contain  less  information  than  those  available  in  the  ARTS 
systems.  The  contents  of  the  labels  are  usually  restricted  to 
received  Mode  A  beacon  codes  and  Mode  C  altitude  reports. 

3. 1.1. 2  Near  Term  Improvements 

In  the  Near  Term,  ARTS  III  sites  will  be  upgraded  to  ARTS  IIIA. 
Also,  in  the  Near  Term,  it  is  expected  that  the  TPX-42  equipment 
currently  in  operation  at  TRACON/TRACAB  Sites  will  be  replaced 
with  ARTS-II-like  systems. 

ARTS  IIIA 

ARTS  III  and  ARTS  IIIA  are  similar  systems  in  many  respects. 

Many  of  the  equipments  and  much  of  the  software  are  common  to 
the  two.  All  ARTS  III  Systems  will  be  replaced  with  ARTS  IIIA 
Systems  in  the  Near  Term.  The  first  ARTS  IIIA  Site  is  expected 
to  become  operational  late  in  1981. 

ARTS  IIIA  Is  a  programmable  data  processing  system  that  will  be 
capable  of  receiving  information  from  various  sources 
(surveillance  sites,  host  ARTCCs,  controllers'  keyboard  entries, 
etc.)  and  sending  information  to  various  destinations 
(controllers'  displays,  host  ARTCCs,  etc.).  Because  it  is  a 
general-purpose  data  processing  system,  it  will  be  capable  of 
being  programmed  to  provide  various  software  functions. 

The  reliability  of  ARTS  IIIA  will  be  increased  over  that  of  ARTS 
III  through  the  use  of  redundant  equipment  and  fail-soft 
capability.  The  latter  will  provide  automatic  switching  of 
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equipment  (e.g. ,  memories  or  Input  Output  Processors)  so  as  to 
remove  and  replace  improperly  functioning  units.  Other  new 
features  will  include:  search  radar  tracking,  more  storage 
capacity  than  ARTS  III,  multi-processing,  a  separate  buffer 
memory  for  each  display,  automatic  overload  sensing  and 
protection,  remote  tower  display  and  data  entry,  and  continuous 
data  recording  that  can  be  controlled  through  keyboard  messages* 

A  special  expanded  ARTS  I1IA  System  is  being  installed  in  the 
New  York  TRACON.  This  facility  is  planned  to  use  four  radar 
sites,  to  have  more  than  30  operational  displays,  and  to  control 
traffic  in  an  area  that  is  approximately  100  nautical  miles  by 
150  nautical  miles.  Displays  and  radars  would  be  adapted  so 
that  each  display  could  be  served  by  either  a  primary  or 
alternative  site.  The  ARTS  IIIA  for  the  New  York  TRACON  will 
include  a  Communications  Multiplexer  Controller.  It  is  expected 
that  this  device  will  allow  digital  data  communication  (at  4800 
bps)  between  the  IFR  room  and  BRITE  (Bright  Radar  Indicator 
Tower  Equipment)  displays  in  five  associated  Tower  Cabs.  At  J. 
F.  Kennedy  and  Newark  airports,  two  BRITE  displays  are  planned 
for  each  Tower  Cab.  Each  BRITE  display  will  have  input 
capability  through  its  associated  keyboard. 

3. 1.1. 3  Far  Term  Improvements 

In  the  Far  Term,  it  is  expected  that  ARTS  IIA  will  be 
implemented  and  TIDS  (Terminal  Information  Display  System)  will 
be  deployed  at  more  than  50  TRACONs. 
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ARTS  IIA 


According  to  current  plans,  ARTS  IIA  Systems  will  be  implemented 
in  the  Far  Term.  The  existing  ARTS  II  Sites  would  be  enhanced 
to  reach  the  level  of  ARTS  IIA.  ARTS  IIA  Systems  might  also  be 
installed  at  new  sites  that  currently  have  no  automation  systems 
or  have  TPX-42  equipment. 

The  enhancements  that  would  be  added  to  ARTS  II  to  obtain  an 
ARTS  IIA  capability  are: 

o  Automatic  tracking  of  beacon  targets 

o  Conflict  Alert  function 

o  Minimum  Safe  Altitude  Warning  function 

o  A  third  line  in  Full  Data  Blocks  on  the  situation 

display  for  the  display  of  alerts  from  the  MSAW  and/or 
Conflict  Alert  functions 

o  Capabilities  for  use  of  the  system  in  training 
controllers 

Automatic  beacon  tracking  would  be  similar  to  that  currently 
used  in  ARTS  III  systems.  The  Conflict  Alert  function  (see 
3. 1.4.1)  and  MSAW  function  (see  3. 1.6.1)  would  be  similar  to 
those  in  ARTS  III  systems.  The  third  line  in  the  Full  Data 
Blocks  would  allow  the  display  of  Conflict  Alert  advisories, 

MSAW  advisories,  received  beacon  codes,  track  status,  track 
handoff  indicators,  etc.  Other  related  display  improvements 
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would  also  be  made.  The  training  capabilities  would  include  a 
Training  Target  Generator  and  a  Training  Scenario  Generator. 

The  target  generator  would  operate  on-line  as  part  of  the 
operational  software.  It  would  allow  training  to  occur  with 
simulated  targets  while  the  system  operates  normally  with  live 
traffic.  The  scenario  generator  would  generate  magnetic  tapes 
off-line.  The  tapes  would  contain  various  training  and  test 
scenarios. 

Terminal  Information  Display  System  (TIPS) 

TIDS  is  a  Far  Term  improvement  that  would  consist  of  new 
equipment  and  associated  software  that  would  handle  many  of  the 
ARTS  IIIA  interfacing!  processing,  and  storage  tasks,  and  would 
add  new  capabilities.  It  would  provide  the  digital 
communication  interfaces  between  ARTS  and  other  facilities  and 
equipment  other  than  the  direct  ARTS  interfaces  with  Terminal 
Surveillance  Sites,  tower  cab  situation  displays,  and  RBXs 
(Radar  Beacon  Transponders).  TIDS  would  provide  individual 
Display  and  Data  Entry  Units  for  the  Arrival  Data  and  Departure 
Data  Positions.  TIDS  would  also  provide  additional  capabilities 
for  the  display  of  data  on  ARTS  situation  displays.  Radar 
Controllers  would  be  able  to  choose  alternative  data  to  be 
displayed  in  lists  and  data  blocks  on  their  displays. 

TIDS  would  improve  the  availability  and  timeliness  of  flight 
data  presentations  to  TRAOON  (and  Tower  Cab)  controllers,  reduce 
the  controller  coordination  workload,  and  support  VFR  flight 
services.  TIDS  would  accept,  process,  distribute,  and  display 
flight  and  other  non-radar  data  for  an  entire  terminal  area, 
including  the  TRACON  and  its  associated  Tower  Cab(s).  TIDS 
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would  provide  the  means  by  which  digital  flight  and  control  data 
would  be  exchanged  between  devices  within  a  Tower  Cab,  between 
Tower  Cabs,  between  a  Tower  Cab  and  its  associated  TRACON,  and 
between  a  TRACON  and  its  host  ARTCC.  TIDS  would  provide 
controllers  with  NOTAMs  (Notice  to  Airmen),  tabular  weather  data 
(including  the  especially  tailored  weather  briefings  prepared  by 
the  CWSU  at  the  host  ARTCC),  and  other  operational  information. 
TIDS  would  also  provide  the  message  entry  and  flight  strip 
handling  capabilities  provided  in  the  Current  System  by  FDEP  and 
in  the  Near  Term  system  by  FDIO  (Flight  Data  Input  Output)  (see 
3.1. 2.2). 


Currently,  numerous  status  displays  are  associated  with  airport 
communications,  navigation,  and  surveillance  facilities.  In  the 
Far  Term,  the  status  data  that  is  concerned  with  ATC  operations 
rather  than  maintenance  would  be  sent  to  TIDS.  There,  it  and 
weather  sensor  information  (wind,  temperature,  barometric 
pressure,  etc.),  ceiling  data,  Runway  Visual  Range  Data,  etc., 
would  be  integrated  and  consolidated  into  TIDS.  The  resultant 
information  would  be  available  on  special  displays  associated 
with  TIDS. 

3. 1.1. 4  Potential  and  Longer  Range  Improvements 
Computer  Replacement 

The  replacement/augmentation  of  the  terminal  area  computers 
(ARTS  IIIA,  ARTS  III,  ARTS  IIA,  ARTS  II)  is  a  longer  range 
improvement.  As  air  traffic  volume  Increases  and  software 
capabilities  are  added  to  TRACONs/TRACABs,  the  possibility  of 
exceeding  current  hardware  capabilities  increases.  Although  the 
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computing  and  storage  capacity  of  ARTS  IIIA  has  been  increased 
over  that  of  ARTS  III,  it  appears  that  (at  least  for  some  sites) 
it  will  be  very  difficult  for  AR.’S  IIIA  to  support  all  of  the 
functional  improvements  that  are  e  visioned  for  TRACONs  - 
particularly  if  the  predicted  increases  in  traffic  load  occur. 
ARTS  IIIA  is  especially  limited  as  to  storage  capacity. 
Additional  incentives  for  change  arise  as  a  result  of  the 
equipment  growing  older  and  maintenance  costs  rising.  In  order 
to  satisfy  future  computing  and  storage  capacity  requirements, 
the  replacement  of  terminal  automation  systems  is  being 
considered  as  a  part  of  the  FAA's  ATC  Computer  Replacement 
Program. 

Terminal  Consolidation 


Terminal  Consolidation  is  being  considered  as  a  potential  longer 
range  improvement.  According  to  the  current  concept,  terminal 
and  en  route  ATC  functions  would  be  integrated  in  an  ARTCC. 
Terminal  equipment  and  personnel  would  be  placed  physically  at 
the  ARTCC.  New  procedures  and  methods  for  handling  aircraft 
would  be  developed  by  combining  the  current  en  route  and 
terminal  procedures  and  methods.  Digitized  surveillance  data 
from  terminal  surveillance  sites  would  be  sent  to  the  ARTCC. 
According  to  this  concept,  there  would  be: 

o  A  single  data  base  containing  all  current  terminal  and 
en  route  data 

o  New  sectors  tailored  to  specific  conditions  (e.g., 
transitioning,  cruising,  traffic  flow,  airports  to  be 
served) 
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o  Mosaicked  surveillance  data  from  the  terminal  and  en 
route  surveillance  sites 

o  Reduction  of  aircraft  vectoring  near  terminals 

o  Simplification  of  stratification  in  en  route  airspace 

o  Integration  of  management,  controller,  and  support 
personnel  from  terminals  and  ARTCCs 

Terminal  Consolidation  is  of  particular  interest  at  this  time 
because  of  the  possibility  of  Incorporating  such  new  features  in 
conjunction  with  the  future  replacement  of  en  route  ATC 
computers. 

Applications  Processor  for  DABS  Data  Link 

A  data  processing  capability  is  needed  to  send  ETIS  (Enhanced 
Terminal  Information  Services)  messages  and  other  DABS  Data  Link 
messages  from  TRACONs  to  aircraft.  Such  a  capability  could  be 
contained  within  ARTS,  TIDS,  or  NADIN,  or  could  be  stand-alone 
equipment.  At  this  point,  all  of  these  alternatives  are  under 
consideration. 

3.1.2  Terminal  Input/Output  Equipment 

This  section  and  the  previous  section  (3.1.1  Terminal  Data 
Processing  Equipment)  are  generally  concerned  with  equipment  in 
TRACONs /TRACABs  as  opposed  to  software,  software  functions,  and 
data  processing  in  TRACONs/TRACABs.  The  equipment  described  in 
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this  section  is  primarily  concerned  with  improvements  in  the 
input  and  output  of  information  to  equipment  and  personnel  at 
TRACONs/TRACABs.  Most  of  the  devices  that  allow  controllers  to 
enter  or  see  data  are  included .  Equipments  concerned  with  the 
input  of  surveillance  data  are  also  included. 

3. 1.2.1  Current  System 

Currently,  the  principal  Input/Output  Equipment  used  in  TRAOONs 
are  FDEPs  (Flight  Data  Entry  and  Printout  equipment),  ARTS 
Keyboard  Input  Modules,  and  ARTS  time~shared  situation  displays. 

FDEP 


Most  flight  data  from  the  host  ARTCC  is  printed  as  Flight 
Progress  Strips  on  FDEPs.  These  strips  must  be  marked  and 
distributed  by  TRACON  and  Tower  Cab  controllers.  Coordination 
among  various  control  positions  requires  a  large  amount  of  voice 
communication. 

Time-Shared  Situation  Displays 

Both  digital  and  analog  data  are  displayed  on  ARTS  situation 
displays.  Data  blocks  and  lists  are  displayed  through  digital 
techniques;  aircraft  and  weather  target  data  are  displayed 
through  analog  (broadband)  techniques.  The  present  displays  and 
displayed  data  have  a  number  of  undesirable  characteristics. 

The  brightness  of  the  displayed  targets  on  the  situation 
displays  gradually  decreases  after  the  rotating  radar/beacon 
beam  "paints"  the  targets.  The  displayed  targets  tend  to  be 
smeared  lines  rather  than  discrete  targets.  Digital  writing 
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time  is  severely  limited  since  it  can  only  occur  during  "radar 
dead  time."  Display  selectivity  is  very  limited. 

3. 1.2. 2  Near  Term  Improvements 

In  the  Near  Term,  ARTS  III  sites  will  be  upgraded  to  ARTS  IIIA, 
and  FDEPs  will  be  replaced  with  FDIOs  (Flight  Data  Input  Output 
equipment) .  Surveillance  input  capabilities  will  be  improved 
through  the  deployment  of  SRAP  (Sensor  Receiver  And  Processor). 

Flight  Data  Input  Output  Equipment  (FDIO) 

In  the  Near  Term,  the  input/output  situation  will  be  improved 
through  the  replacement  of  FDEP  equipment.  The  new  equipment, 
FDIO  (Flight  Data  Input  Output),  will  be  faster,  more  flexible, 
more  reliable,  and  easier  to  maintain. 

At  the  TRACONs/Towers,  the  FDEPs  will  be  replaced  with  FDIO 
Cathode  Ray  Tube  (CRT)  displays,  keyboards,  and  printers.  The 
FDIO  control  equipment  at  TRACONs/Towers  will  communicate  with 
the  CCC  at  a  rate  of  2400  bits  per  second  (bps).  The  minimum 
data  rate  capabilities  of  the  input/output  equipment  at  the 
TRACONs/Towers  will  be:  CRT  -  2400  bps,  Keyboard  -  1200  bps, 
and  Printer  -  30  characters  per  second. 

Surveillance  Data  Input  Equipment 

In  the  Near  Term,  SRAP  (Sensor  Receiver  and  Processor)  will  be 
installed  as  part  of  each  ARTS  IIIA.  It  will  be  used  to 
digitize  the  search  radar  information  needed  for  radar  tracking 
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and  to  digitize  the  beacon  information  that  is  currently 
digitized  by  the  Beacon  Data  Acquisition  Subsystem  of  ARTS  III. 

3. 1.2. 3  Far  Term  Improvements 

In  the  Far  Term,  TIDS  will  provide  new  tabular  displays  and 
alternative  data  block  data  for  the  ARTS  situation  displays. 
Further  information  on  TIDS  can  be  found  in  3. 1.1. 3  and 
3. 1.3. 3.  Video  reconstituters  would  be  deployed  to  function 
with  the  current  time-shared  situation  displays  until  FDADs 
(Full  Digital  ARTS  Display)  would  be  available  later  in  the  Far 
Term. 

Display  Equipment 


In  the  Far  Term,  when  either  the  Moving  Target  Detector  (ASR-9) 
or  DABS  is  implemented  at  a  surveillance  site,  digital  rather 
than  analog  (broadband)  data  would  be  sent  from  the  surveillance 
site  to  the  indicator  (ARTS)  site.  However,  all-digital 
situation  displays  are  not  expected  to  be  available  at  all  sites 
at  that  time.  A  temporary  method  of  displaying  this  data  would 
be  available  through  video  reconstitution  of  the  digital  data. 
This  would  require  the  installation  of  reconstitution  equipment 
at  the  ARTS  sites.  Prototype  reconstitutors  have  been  built, 
and  their  feasibility  has  been  demonstrated.  It  is  assumed  that 
the  reconstituted  display  will  be  found  acceptable  for  air 
traffic  control  even  though  it  does  not  provide  the  variations 
in  target  size,  shape,  and  brightness  that  are  available  with 
normal  broadband  data. 


At  some  ARTS  sites,  FDADs  (Full  Digital  ARTS  Displays)  are 
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expected  to  replace  the  current  broadband/digital  displays.  In 
order  to  furnish  a  smooth  transition  between  the  current 
time-sharing  mode  and  an  all-digital  mode,  FDAD  Is  being 
designed  to  function  In  either  mode.  In  addition  to  this 
flexibility,  FDAD  would  provide  improved  display 
characteristics.  The  new  displays  would  provide  more  distinct, 
non-fading,  less  variable  display  of  search  radar  targets  and 
beacon  replies;  greater  selectivity  and  filtering  of  information 
to  be  displayed;  and  additional  digital  writing  time.  FDAD  as 
currently  envisioned  could  also  provide  color  (multi-chromatic) 
displays,  internal  memory,  buffer  refresh  capability,  internal 
storage  of  geographic  maps,  programmable  functions,  and 
interfacing  capabilities  for  all  of  the  varieties  of  ARTS 
systems. 

Surveillance  Data  Input 

It  is  expected  that  broadband  surveillance  data  capabilities 
would  be  removed  in  order  to  decrease  equipment  maintenance 
costs.  However,  no  firm  decision  has  been  made.  It  is  possible 
that  the  broadband  capability  would  be  retained  as  backup  for 
the  digital  surveillance  data. 

3. 1.2. A  Potential  and  Longer  Range  Improvements 
Terminal  Surveillance  Channel  Backup 

A  Terminal  Surveillance  Channel  Backup  capability  is  a  potential 
improvement  that  is  under  consideration.  The  backup  function 
would  have  to  provide  target  data  and  some  alphanumeric  data  if 
the  primary  channel  through  the  Input  Output  Processor  and 
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Multiplexed  Display  Buffer  Memory  is  not  available  due  to 
failure  or  maintenance  requirements.  It  may  be  necessary  to 
provide  such  a  capability  before  replacement  Terminal  ATC 
computers  would  be  available  that  would  incorporate  such  a 
capability.  It  would  be  similar  to  DARC  (see  2. 1.1.1). 


3.1.3  Processing  and  Display  of  Aircraft  and  Weather  Data 


3. 1.3.1  Current  System 


Currently,  three  principal  types  of  information  are  displayed  on 
ARTS  III  and  ARTS  II  situation  (plan  view)  displays: 


o  surveillance  information  (aircraft  and  weather  returns 
from  search  radar  and  aircraft  replies  from  beacon 
transponders) 


o  geographic  map  data  (runways,  boundaries,  airways, 
handoff  points,  etc.) 


o  alphanumeric  characters  and  symbols  (data  blocks, 

including  position  symbols,  leaders,  and  tabular  data; 
lists;  preview  information;  and  system  information). 


These  are  generated  separately,  and  their  signals  combined 
immediately  before  the  displays. 


The  surveillance  information  is  received  in  broadband  form  from 
terminal  surveillance  sites.  It  (Moving  Target  Indicator  search 
radar  video,  normal  search  radar  video,  and  beacon  video)  is 


displayed  using  a  radial  scan  mode  (Plan  Position  Indicator 
mode)  on  ARTS  displays*  In  this  mode,  information  is  written  on 
the  display  in  a  sequence  corresponding  to  the  sweeps  of 
radar/beacon  pulses  that  are  sent  out  from  the  rotating  radar 
antennas* 

Geographic  map  data  is  generated  at  the  TRACON  by  scanning  a 
graphic  image  of  the  geographic  area  around  the  radar  site.  The 
image  is  scanned  electronically  in  synchronism  with  the 
surveillance  radial  scan. 

The  locations  and  identification  of  alphanumeric  characters  and 
symbols  are  stored  and  processed  digitally.  They  are  written  in 
a  random  sequence  that  is  independent  of  the  radial  scan.  The 
characters  and  symbols  are  written  in  the  radar  "dead  time” 
between  sweeps.  A  sweep  ends  when  the  radar  pulses  have  reached 
a  distance  of  55  (or  42  for  some  displays)  nautical  miles  from 
the  radar  site.  The  characters  and  symbols  are  written  in  the 
time  between  this  occurrence  and  the  start  of  the  next  sweep  (at 
the  next  azimuth  position). 

The  broadband  beacon  replies,  in  addition  to  being  displayed, 
are  converted  to  digital  data  in  the  Data  Acquisition  Subsystem 
of  ARTS  III.  This  digitized  information  is  sent  to  the  ARTS  III 
Data  Processing  Subsystem  (DPS)  and  is  used  for  automatic 
tracking  of  beacon-equipped  aircraft.  The  DPS  then  provides 
predicted  track  positions  and  data  block  information  for  display 
on  the  situation  displays. 
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3. 1.3.2  Near  Term  Improvements 


ARTS  IIIA 


One  of  the  key  functional  Improvements  provided  by  ARTS  IIIA  is 
the  expansion  of  processing  to  Include  search  radar  targets  in 
addition  to  beacon  targets.  The  system  will  track  such  targets 
and  will  display  data  blocks  that  identify  the  tracked  aircraft. 

FDIO 


With  the  implementation  of  FDIO  (see  3.1.2. 2),  the  FDEP 
functions  will  be  assumed  by  FDIO.  The  new  equipment  will  allow 
the  entry  of  General  Information  messages  in  addition  to  the 
previous  message  capabilities  provided  by  FDEP. 

Weather 


In  the  Near  Term,  CWSU  personnel  at  the  host  ARTCC  would  prepare 
and  update  tailored  weather  descriptions  for  each  TRACON.  These 
would  be  available  to  the  TRACON  controllers  via  voice  phone. 

3. 1.3. 3  Far  Term  Improvements 


TIDS 


With  the  implementation  of  TIDS  at  some  TRACONs,  the  FDIO's 
function  as  an  input  or  output  device  would  be  assumed  by  TIDS. 
All  of  the  messages  that  could  only  be  sent  from  a  TRACON  to  its 
host  ARTCC  via  FDEPs  in  the  Current  System,  and  FDIOs  in  the 
Near  Term  system,  would  be  capable  of  being  entered  through  TIDS 
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consoles.  Furthermore,  the  ARTCC  would  no  longer  be  required  to 
route  flight  progress  strip  Information  to  FDEPs/FDlOs  In 
TRACONs  equipped  with  TIDS.  Instead,  TIDS  would  prepare  and 
display  similar  Information  from  the  extensive  flight  plan  data 
that  It  received  from  the  host  ARTCC,  FSSs,  and  local  entry 
devices.  With  TIDS,  full  flight  data  could  be  displayed  for  IFR 
and  VFR  flights.  Most  voice  coordination  work  would  be  replaced 
by  simple  computer  entries  made  by  controllers. 

Inputs  to  TIDS  would  be: 

o  IFR  flight  plans  and  flight  plan  changes.  Obtained  from 
the  host  ARTCC  and  keyboard  entries  by  terminal 
controllers. 

o  VFR  flight  plans  and  flight  plan  changes.  Obtained  from 
adjacent  TRACONs  and  keyboard  entries  made  by  terminal 
controllers. 

o  Handoff,  Track,  and  General  Information  messages. 

Obtained  from  the  host  ARTCC,  this  TRACON,  and  adjacent 
TRACONs. 

o  Weather  Briefings.  Obtained  from  the  CWSU  in  the  host 
ARTCC. 

o  Miscellaneous  data  to  be  stored,  processed,  or 
forwarded.  Obtained  from  the  ARTS  III  system. 
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I 


Outputs  from  TIDS  would  be: 

o  Displays  of  alternative  list  and  data  block  data. 

Provided  to  TRACON  Radar  Controllers  through  ARTS  III. 

o  Handoff,  Track,  General  Information,  Departure 

Messages.  Sent  to  the  host  ARTCC,  this  TRACON,  and 
adjacent  TRACONs. 

o  Terminate  Beacon  Code  messages.  Sent  to  host  ARTCC. 

o  Miscellaneous  data  to  be  displayed  or  transmitted  at  the 
request  of  the  ARTS  III  system.  Sent  to  terminal 
controllers  or  host  ARTCC. 

o  Requests  for  Weather  Briefings.  Sent  to  CWSU  at  the 
host  ARTCC. 

Surveillance  Data  Processing 

The  surveillance  data  as  received  from  DABS  sites  would  be 
tagged  with  specific  track  identifications  as  a  result  of  the 
DABS  site's  perf jrmance  of  correlation  of  surveillance  data  with 
existing  or  automatically  initiated  tracks.  This  would 
significantly  decrease  the  ARTS  processing  load. 

With  the  implementation  of  DABS  at  Terminal  Surveillance 
Facilities,  it  is  expected  that  broadband  surveillance  data 
would  no  longer  be  available  to  ARTS  sites  in  the  Far  Term. 
However,  it  is  possible  that  the  broadband  capability  would  be 
retained  as  backup  to  the  digital  surveillance  data. 
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Weather 


In  the  Far  Term,  digitized  graphical  weather  data  from  radar 
sites  would  be  provided  to  TRACONs.  It  would  consist  of  various 
combinations  of  three-dimensional  weather  data,  turbulent 
weather  data,  and  wind  shear  data.  The  full  use  of  the 
three-dimensional  weather  data  for  display  purposes  Is  not 
planned  for  the  Far  Term.  No  decisions  have  been  made  as  to  how 
this  graphical  weather  data  would  be  presented  on  displays. 
Inputs  would  be  digitized  weather  data  from  ASR  or  NEXRAD 
weather  radar  sites.  Outputs  might  include  weather  contours 
displayed  on  Radar  Controllers'  situation  displays. 

3. 1.3.4  Potential  and  Longer  Range  Improvements 

Weather 


The  Aviation  Weather  System  (see  2. 1.2. 4)  is  a  potential 
integrated  weather  capability  that  would  improve  the 
availability  of  weather  data  to  TRACONs.  The  CWSU  at  the  host 
ARTCC  would  receive  PIREPs  from  ARTCC  controllers  or  from  pilots 
and  would  receive  graphic  and  alphanumeric  weather  information 
from  the  Center  Weather  Processing  complex  (CWPC).  CWSU 
personnel  would  analyze  the  information  and  would  prepare 
weather  advisory  information  in  alphanumeric  and  graphic 
(situation  display)  forms.  This  digital  data  would  be  sent  to 
the  CWPC.  The  CWPC  would  send  to  the  TRACON  (via  TIDS)  the  CWSU 
data  and  other  weather  data  that  the  CWPC  had  received.  TIDS 
would  perform  the  weather  processing  functions  that  would  be 
required  to  display  the  tabular  data  on  TIDS  displays  and  to 
display  the  graphic  data  on  ARTS  situation  displays* 
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The  full  use  of  three-dimensional  weather  data  and  multiple 
weather  contours  (levels  of  weather  intensity)  on  situation 
displays  is  a  potential,  longer  range  improvement.  Weather 
contours  could  be  displayed  using  various  levels  of  brightness 
or  various  colors  to  indicate  the  relative  severity  of 
turbulence  or  precipitation. 

3.1.4  Aircraft  Separation  Services 


Although  the  principal  ATARS  and  BCAS  equipment  are  not 
contained  within  TRACON  rooms,  they  are  described  here,  since 
their  first  use  would  be  in  terminal  airspace,  and  they  would  be 
part  of  the  automated  Aircraft  Separation  Services  of  which 
Terminal  Conflict  Alert  is  a  part.  The  source  for  much  of  the 
following  descriptive  information  is  "Aircraft  Collision 
Avoidance:  Concepts  and  Systems”,  Reference  3-24. 

Automated  Aircraft  Separation  Services  provide  backup 
capabilities  for  the  air  traffic  control  separation  services 
supplied  by  controllers  at  terminals  (or  ARTCCs).  The  backup 
capabilities  substantially  reduce  the  likelihood  of  mid-air 
collisions.  They  can  be  classified  as  to  the  direct  recipients 
-  controllers  or  pilots  -  of  the  automated  warnings  and 
recommendations  for  maneuvers  to  avoid  collisions.  Thus,  the 
functions  are: 

o  Controller-oriented  Functions 

-  Conflict  Alert 

-  Conflict  Resolution  Advisory  (En  Route,  only) 
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o  Pilot-oriented  Functions 

-  Automatic  Traffic  Advisory  and  Resolution  Service 
(ATARS) 

-  Beacon  Collision  Avoidance  System  (BCAS) 

The  Conflict  Alert  and  Conflict  Resolution  Advisory  functions 
are  automated,  ground-based  capabilities  designed  to  aid  air 
traffic  controllers  in  providing  safe  separation  to  controlled 
aircraft.  Conflict  Alert  provides  controllers  with  warnings  of 
aircraft  that  are  too  close  to  each  other  or  that,  according  to 
predictions,  will  be  too  close  to  each  other  in  the  near 
future.  It  is  currently  operational  at  all  ARTS  III  sites  and 
ARTCCs.  Installation  at  all  automated  terminal  sites  is  planned 
for  the  future.  At  ARTCCs,  the  Conflict  Resolution  Advisory 
function  would  be  installed.  It  would  extend  the  Conflict  Alert 
capabilities  by  providing  controllers  with  recommended  aircraft 
maneuvers  to  avoid  collisions. 

ATARS  and  BCAS  are  automated  capabilities  designed  to  aid  pilots 
In  maintaining  safe  separation  of  aircraft.  They  would  provide 
backup  to  controllers  and  to  Conflict  Alert.  ATARS  is  a 
ground-based  system  designed  to  provide  effective  service  in  the 
high  traffic  density  airspace  served  by  the  Discrete  Address 
Beacon  System  (DABS)  (see  Chapter  7).  BCAS  is  an  airborne 
collision  avoidance  system  designed  to  serve  airspace  outside 
ATARS  coverage.  It  would  function  through  replies  that  it  would 
receive  from  DABS  and  ATCRBS  (Air  Traffic  Control  Radar  Beacon 
System)  transponders  on  other  aircraft.  It  would  use  these 
inputs  to  calculate  range,  relative  altitude,  and  closing  rate 
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information  in  relation  to  nearby  aircraft.  When  the  projected 
time  to  closest  approach  is  about  30  seconds,  BCAS  would 
indicate  recommended  avoidance  maneuvers  on  a  display  In  the 
cockpit  of  the  BCAS-equipped  aircraft. 

ATARS  and  BCAS  would  be  interfaced  to  ensure  the  compatible 
functioning  of  the  two  systems  near  the  boundaries  of  ATARS 
coverage.  Resolution  Advisory  Registers  In  the  ATARS  and  BCAS 
avionics  are  designed  to  coordinate  ATARS  and  BCAS  conflict 
information  and  resolutions.  ATARS  and  BCAS  are  expected  to  be 
operational  in  en  route  and  terminal  airspace. 

3. 1.4.1  Current  System 


The  Terminal  Conflict  Alert  Function  has  been  implemented  at  all 
ARTS  III  sites.  It  provides  automatic  detection  of  potential 
conflicts  between  tracked  aircraft  in  terminal  areas. 

The  determination  by  the  Terminal  Conflict  Alert  Function  of 
when  a  conflict  alert  should  be  declared  is  through  the  use  of 
three  detection  modules.  One  predicts  conflicts  assuming  that 
the  tracks  will  maintain  constant  speed  and  straight  line 
paths.  Another  predicts  conflicts  based  on  continued 
maneuvering  of  an  aircraft  pair  in  the  direction  in  which  either 
or  both  aircraft  are  already  maneuvering.  The  third  module  does 
not  use  prediction;  it  bases  its  warnings  on  the  proximity  of 
aircraft  to  each  other.  Each  of  these  detection  modules  is 
highly  parameterized.  Different  parameter  sets  are  tailored  for 
each  of  three  types  of  airport  areas  that  have  been  defined. 

The  three  types  are:  areas  around  major  or  satellite  airports, 
extensions  of  the  areas  around  major  or  satellite  airports,  and 
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any  remaining  area  not  Included  in  the  first  two  types. 

Inputs  to  the  Terminal  Conflict  Alert  Function  are: 

o  positional  information.  Obtained  from  the  ARTS  III 
Automatic  Tracking  program. 

o  airport  area  geographic  information.  Obtained  from  the 
ARTS  III  Adaptation  data  base. 

Outputs  from  the  Terminal  Conflict  Alert  Function  are: 

o  displayed  warnings.  Provided  on  the  situation  (plan 
view)  displays  of  the  appropriate  terminal  controllers. 

o  aural  warnings.  Provided  at  the  sector  control 
positions  of  the  appropriate  controllers. 


3. 1.4.2  Near  Term  Improvements 


In  the  Near  Term,  the  Terminal  Conflict  Alert  Function  will  be 
Included  within  the  ARTS  IIIA  Systems  that  will  replace  the  ARTS 
III  Systems.  Also  in  the  Near  Term,  BCAS  is  expected  to  be 
Implemented. 


BCAS 


BCAS  has  been  designed  primarily  to  aid  pilots  in  maintaining 
safe  separation  of  aircraft.  It  would  also  serve  as  a  backup  to 
controllers  and  to  the  Conflict  Alert  capability  provided  by 
TRACONs  and  ARTCCs.  It  is  anticipated  that  BCAS  avionics  would 
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be  installed  in  most  air  carrier  and  high  performance  general 
aviation  aircraft.  BCAS  concepts  are  still  evolving,  so  the 
descriptive  information  contained  in  these  paragraphs  should  be 
considered  to  be  tentative. 

Active  BCAS  is  being  developed  for  implementation  in  the  Near 
Term.  Active  BCAS  would  obtain  its  data  by  interrogating  the 
transponders  that  are  within  range  (approximately  20  miles). 
Such  interrogations  might  interfere  with  the  interrogations 
generated  by  ground-based  ATC  surveillance  facilities.  An 
aircraft  with  Active  BCAS  would  therefore  have  to  have  this 
equipment  desensitized  when  it  is  near  major  terminals  or  is  in 
other  high  activity  areas. 

Radar  Beacon  Transponder  (RBX) 

In  the  Near  Term,  it  is  expected  that  RBXs  will  be  deployed  at 
some  airports  to  aid  the  BCAS  function.  The  RBX  would  exchange 
digital  messages  with  BCAS  equipment  in  aircraft  and  with  the 
ARTS  equipment  in  the  associated  TRACON.  RBX  would  improve  the 
BCAS  performance  by  adjusting  the  BCAS  sensitivity  (volume  of 
protective  airspace  around  the  aircraft)  of  its  conflict 
detection  logic  to  the  particular  airspace  environment. 
Adjustment  is  necessary  near  busy  airports  because,  with  the 
traffic  flow  in  that  environment,  BCAS  (using  its  normal 
sensitivity)  would  produce  an  unacceptably  large  number  of 
unnecessary  alerts.  RBX  would  have  the  capability  of  changing 
this  sensitivity  to  a  more  appropriate  level  for  the 
environment.  The  RBX  would  select  the  proper  sensitivity  level 
by  comparing  an  aircraft's  range  and  altitude  (relative  to  the 
RBX)  to  stored  pairings  of  sensitivity  levels  to 
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ranges/altitudes.  The  RBX  would  then  send  the  aircraft  a 
sensitivity  level  control  message  that  would  adjust  the 
aircraft's  BCAS  sensitivity  accordingly.  In  general,  the  closer 
the  BCAS-equipped  aircraft  would  be  to  the  runway,  the  smaller 
would  be  the  protective  volume  of  airspace  around  the  aircraft. 
Occasionally,  the  RBX  pairings  of  sensitivity  levels  to 
ranges/altitudes  might  need  to  be  adjusted  (e.g.,  because  of 
changes  in  the  amount  of  traffic  activity  or  in  the  runway 
configuration).  This  could  be  accomplished  dynamically  through 
the  sending  of  BCAS  Desensitization  Control  messages  to  the  RBX 
from  the  TRACON. 

In  addition  to  the  above  capabilities,  RBX  would  be  able  to  send 
BCAS  Controller  Advisory  Messages  to  the  TRACON.  RBX  would 
receive  such  a  notification  message  from  BCAS  each  time  that  an 
advisory  is  Issued  to  a  pilot  by  BCAS. 

3. 1.4. 3  far  Term  Improvements 

In  the  Far  Term,  ATARS  is  expected  to  be  implemented.  Upon 
installation  of  DABS  equipment  at  an  airport,  the  RBX  functions 
generally  would  be  performed  by  DABS. 

ATARS 

ATARS  is  an  Aircraft  Separation  Service  provided  by  a  totally 
automated  ground  computer  system.  It  is  an  outgrowth  of  the 
Intermittent  Positive  Control  (IPC)  concept  that  was  described 
and  recommended  for  development  by  the  Air  Traffic  Control 
Advisory  Committee  in  1969. 
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ATARS  would  track  target  data  obtained  from  DABS  and  check  all 
pairs  of  aircraft  to  see  If  they  are  too  close  to  one  another  or 
are  In  danger  of  colliding.  If  there  is  danger  of  collision, 

ATARS  would  prepare  threat  and  resolution  advisory  messages  and 
have  them  uplinked  to  ATARS-equipped  aircraft  through  DABS  Data 
Link.  (This  information  would  also  be  sent  to  TRACONs  (and 
ARTCCs)  for  display  at  appropriate  control  positions.)  The 
information  would  be  displayed  to  the  pilot  on  an  ATARS  display 
in  the  cockpit.  It  would  warn  him  of  proximate  aircraft  and/or 
threat  aircraft  and,  when  necessary,  instruct  him  to  take 
specific  actions  in  order  to  avoid  collision. 

DABS/ATARS  would  not  be  able  to  send  threat  and  resolution 
advisory  messages  to  ATCRBS-equipped  aircraft.  According  to  a 
current  development  concept,  DABS/ATARS  would  be  able  to  send 
such  information  (for  controlled,  ATCRBS-equipped  aircraft)  to 
the  en  route  and  terminal  computers.  Those  computers  would  then 
be  able  to  provide  the  appropriate  controllers  with  warning 
messages  and  recommended  aircraft  maneuvers.  Where  possible, 
the  information  could  then  be  relayed  to  aircraft  by  controllers 
via  voice  radio. 

To  receive  ATARS  service  directly,  an  aircraft  would  have  to 
carry : 

o  A  DABS  Transponder 
o  An  Encoding  Altimeter 
o  An  ATARS  Display 

s 
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The  DABS  transponder,  in  addition  to  its  surveillance  function, 
would  receive  digital  advisory  messages  from  the  ground  and 
deliver  them  to  the  ATARS  display  for  presentation  to  the  pilot. 

The  ground  portion  of  the  DABS/ATARS  system  would  consist  of: 

o  The  DABS  Sensor.  It  would  provide  surveillance 
information  and  act  as  a  communication  link  to  the 
aircraft . 

o  A  Computer  Located  at  the  DABS  Sensor  Site.  It  would  be 
independent  of  the  existing  air  traffic  control  computer 
system. 

o  Interfaces  to  the  Air  Traffic  Control  Facilities  That 
Serve  the  Airspace  Covered  by  the  DABS  Sensor. 

ATARS  is  being  developed  to  provide  pilots  of  ATARS-equipped 
aircraft  with  an  effective  resolution  service  and  a 
complementary  traffic  advisory  service.  For  ATARS-equipped, 
uncontrolled  aircraft,  the  traffic  advisory  service  would 
enhance  the  pilot's  see-and-avoid  capability  while  the 
resolution  service  would  provide  collision  avoidance  services 
not  previously  afforded  by  the  air  traffic  control  system.  In 
the  case  of  controlled  aircraft,  ATARS  would  serve  as  a 
separation  assurance  backup  to  the  existing  air  traffic  control 
system. 

ATARS  services  could  be  provided  to  all  aircraft,  controlled  and 
uncontrolled,  in  both  the  en  route  and  terminal  environments. 

For  those  equipped  for  ATARS  services,  protection  would  be 
.provided  against  all  aircraft  that  are  equipped  with  altitude 
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reporting  (Mode  C)  transponders.  Although  resolution  service 
could  not  be  provided  against  non-Mode  C  aircraft,  traffic 
advisories  would  be  provided  to  ATARS-equipped  aircraft 
regarding  the  presence  of  Mode  A  and  primary  radar  targets  that 
are  proximate  in  the  horizontal  plane. 

Aircraft  equipped  for  ATARS  service  would  receive  traffic 
advisories  regarding  aircraft  that  have  been  determined  to  be 
proximate  or  to  constitute  a  potential  threat.  In  the  case  of  a 
proximate  aircraft,  information  would  be  displayed  to  alert  the 
pilot  concerning  the  presence  of  the  nearby  aircraft  and  to  aid 
him  in  visual  acquisition.  When  an  aircraft  poses  a  potential 
collision  threat,  additional  information  would  be  displayed  to 
aid  the  pilot  in  threat  assessment.  The  threat  data  would 
enable  the  pilot  to  evaluate  the  potential  threat  and  to  avoid 
maneuvers  that  would  aggravate  the  situation.  If  the  aircraft 
separation  continued  to  narrow,  both  aircraft  would  receive 
resolution  advisories. 

Whenever  a  controlled  aircraft  is  involved  in  a  potential 
conflict  that  would  result  in  a  Conflict  Alert  being  produced  by 
the  terminal  ATC  computer,  ATARS  would  produce  a  Controller 
Alert.  An  ATARS  Controller  Alert  message  would  be  sent  to  the 
ATC  facility  that  is  responsible  for  the  controlled  aircraft. 

It  would  be  sent  in  order  to  alert  the  controller  to  the 
potential  conflict.  This  message  would  also  include  ATARS 
conflict  resolution  data  which  would  provide  the  controller  with 
the  maneuver(s)  that  ATARS  would  issue  if  it  were  to  resolve  the 
potential  conflict  at  the  time  of  the  Controller  Alert. 

In  addition,  an  ATARS  resolution  notice  would  be  sent  to  the 
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responsible  ATC  facility  at  the  same  time  that  a  resolution 
advisory  is  sent  to  a  controlled  aircraft.  The  resolution 
notice  would  identify  the  aircraft  involved  in  the  conflict  and 
the  resolution  advisories  issued  to  each.  Upon  receipt,  the  ATC 
computer  system  could  display  this  information  to  the 
responsible  controller( s) . 

3. 1.4.4  Potential  and  Longer  Range  Improvements 

Full  BOAS  is  being  developed  as  a  potential  Improvement.  It 
would  make  use  of  interrogations  from  the  ground  (thus 
minimizing  the  potential  interference  in  high  density  airspace) 
as  well  as  interrogations  from  the  BCAS-equlpped  aircraft 
itself.  According  to  current  concepts.  Full  BCAS  would  have 
three  modes  of  operation  —  with  the  choice  of  mode  dependent 
upon  the  degree  of  surveillance  coverage  that  is  available  in 
the  area  in  which  the  aircraft  is  operating.  The  three-modes 
philosophy  was  developed  to  minimize  the  generation  of 
Interrogations  by  the  BCAS-equipped  aircraft,  and  therefore 
minimize  potential  interference  with  the  normal  operation  of  ATC 
surveillance. 

In  its  active  mode,  Full  BCAS  would  function  in  the  same  manner 
as  Active  BCAS.  That  is,  it  would  interrogate  the  transponders 
that  are  within  range  (approximately  20  miles).  In  its  passive 
mode.  Full  BCAS  would  not  interrogate  other  aircraft.  It  would 
monitor  the  interrogations  from  ground-based  ATCRBS  and  DABS 
sites  and  monitor  the  replies  from  the  transponders  on  other 
aircraft.  The  hybrid  mode  would  combine  features  of  the  active 
and  passive  modes.  It  would  be  used  when  the  passive  mode  could 
not  be  operated  satisfactorily  by  itself,  but  full  use  of  the 
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active  mode  is  not  required.  According  to  one  design  concept, 
this  would  occur  when  aircraft  in  the  vicinity  of  the  Full 
BCAS-equipped  aircraft  are  being  interrogated  by  only  one  beacon 
ground  site.  (Two  or  more  beacon  ground  interrogators  would  be 
required  for  satisfactory  operation  of  Full  BCAS  in  the  passive 
mode.)  In  the  hybrid  mode,  Full  BCAS  would  monitor  the  replies 
that  it  receives  from  the  single  ground  interrogator  and 
determine  which  aircraft  might  prove  to  be  collision  threats. 
Full  BCAS  would  then  interrogate  these  threat  aircraft  to  obtain 
more  information. 

Full  BCAS  would  automatically  adjust  its  mode  (active,  passive, 
or  hybrid)  of  operation  to  its  environment.  It  would  switch 
modes  according  to  a  priority  scheme  in  which  passive  is 
preferred  over  hybrid,  and  hybrid  is  preferred  over  active.  In 
any  of  its  modes.  Full  BCAS  would  be  able  to  calculate  range, 
relative  altitude,  and  closing  rate  from  information  from  other 
beacon-equipped  aircraft.  In  its  passive  mode,  it  would  be  able 
to  obtain  bearing  and  bearing  rate  information.  In  any  of  its 
modes,  Full  BCAS  would  be  able  to  detect  potential  conflicts  and 
prepare  avoidance  maneuvers  when  the  projected  time  to  collision 
is  about  30  seconds.  These  maneuvers  would  be  shown  to  the 
pilot  on  a  BCAS  display  in  the  cockpit. 

3.1.5  Communication  with  Aircraft 

3.1. 5.1  Current  System 

Currently  two-way  voice  radio  is  the  means  by  which  controllers 
communicate  with  aircraft  air  crews. 
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3. 1.5.2  Near  Term  Improvements 


No  Improvements  are  planned  for  the  Near  Term. 

3. 1.5.3  Far  Term  Improvements 

DABS  Data  Link  and  CMA  (Control  Message  Automation)  are 
Improvements  that  are  expected  to  be  implemented  in  the  Far 
Term.  They  are  being  planned  and- designed  as  an  aid  and 
supplement  to  the  voice  radio  capabilities.  They  would  be 
available  to  provide  rapid  non-voice  communication  between  the 
ARTCC  and  aircraft.  Many  routine  and  high-priority  messages 
could  be  transmitted  via  Data  Link. 

In  the  Far  Term,  it  is  expected  that  Altimeter  Correction 
Messages  and  ETIS  (Enhanced  Terminal  Information  Services) 
messages  will  be  sent  to  aircraft  via  DABS  Data  Link.  An 
Altimeter  Correction  Message  would  provide  the  barometric 
pressure  correction  (in  hundreds  of  feet)  for  the  specific 
geographic  area  in  which  the  aircraft  is  flying.  An  ETIS 
Message  would  contain  real-time  information  in  regard  to  an 
airport.  The  information  would  Include  weather  data,  status  of 
navigation  aide^  and  runway  status.  Controller  Advisory  (BCAS) 
messages  would  be  sent  to  TRACONs  from  aircraft  via  DABS  Data 
Link.  CMA  would  provide  the  functional  link  between  the  TRACON 
and  DABS  Data  Link.  CMA  would  handle  functions  such  as 
formatting,  bookkeeping,  and  the  establishment  and  use  of 
priorities  for  data  link  ATC  messages.  CMA  would  handle 
messages  that  may  be  generated  through  automated  functions  such 
as  MSAW.  Work  is  underway  in  these  areas,  but  the  overall  use 
of  DABS  Data  Link  for  communication  between  TRACONs  and  aircraft 
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has  not  been  determined. 

3.1. 5.4  Potential  and  Longer  Range  Improvements 

It  is  expected  that  DABS  Data  Link  ./ill  be  used  to  uplink  and 
downlink  additional  messages  between  a  TRACON  and  aircraft. 

Many  different  types  of  messages  are  currently  being  considered 
as  candidates  for  this  service,  but  specific  message  types  have 
not  as  yet  been  selected  for  implementation. 

3.1.6  Detection  of  Unsafe/Unacceptable  Use  of  Airspace 

3. 1.6.1  Current  System 


Currently,  terminal  MSAW  (Minimum  Safe  Altitude  Warning  System) 
is  operational  at  ARTS  III  sites.  A  similar  capability,  Low 
Altitude  Alerting  System,  is  operational  at  TPX-42  sites. 

MSAW 


MSAW  uses  computer  software  to  automatically  compare  reported 
aircraft  altitudes  to  minimum  safe  altitudes  in  order  to  detect 
unsafe  or  unacceptable  use  of  airspace.  The  program  detects 
instances  in  which  an  aircraft  is  now,  or  in  the  near  future 
will  be,  below  the  minimum  safe  altitude.  The  alert  is 
generated  on  the  basis  of  ARTS  III  track  and  altitude  data. 

MSAW  warns  a  controller  of  such  a  situation  through  information 
displayed  on  the  controller's  situation  display.  The  controller 
then  advises  the  aircraft  air  crews  of  the  situation  through 
voice  radio. 
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An  aircraft  is  eligible  for  MSAW  services  if  it  is  controlled 
and  is  Mode  C  equipped.  MSAW  monitoring  is  provided  through  two 
monitoring  elements:  Approach  Path  and  General  Terrain. 

Approach  Path  Monitoring  is  accomplished  by  checking  the  tracks 
of  all  MSAW-eligible  aircraft  for  their  positions  relative  to 
runways  at  the  major  airport.  If  a  track  qualifies  for  a 
particular  runway,  the  approach  monitoring  function  will  check 
for  any  violation  of  the  specified  final  approach  area 
altitude.  General  Terrain  Monitoring  is  applied  to  all  aircraft 
that  are  in  the  terminal  area  but  are  not  on  approach  paths. 
General  Terrain  Monitoring  is  accomplished  by  comparing  a 
track's  reported  and  predicted  altitudes  to  the  minimum  altitude 
assigned  to  each  bin  through  which  the  track  passes.  (Each  bin 
is  a  square  whose  sides  are  two  miles  long.)  All  inputs  that 
are  required  by  MSAW  come  from  within  the  TRACON.  All  outputs 
go  to  controllers  within  the  TRACON.  Inputs  required  by  MSAW 
are : 

o  minimum  safe  altitudes  for  the  areas  being  checked. 
Obtained  from  the  ARTS  III  Adaptation  Data  Base. 

o  aircraft  positions,  velocities,  and  altitudes.  Obtained 
from  the  ARTS  III  Automatic  Tracking  Program. 

Outputs  provided  by  MSAW  are: 

o  displayed  warnings.  Provided  on  the  situation  displays 
of  the  appropriate  controllers. 

o  aural  warnings.  Provided  at  the  sector  control 
positions  of  the  appropriate  controllers. 
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3. 1.6. 2  Near  Term  Improvements 


Terminal  MSAW  (See  3. 1.6.1)  will  be  implemented  in  ARTS  IIIA 
systems  as  they  replace  ARTS  III  systems. 

3. 1.6. 3  Far  Term  Improvements 

ATARS  Avoidance  Advisory  Function 


An  ATARS  Avoidance  Advisory  function  is  expected  to  be 
implemented  in  the  Far  Term.  It  would  supplement  the  MSAW 
capabilities  for  detecting  unsafe  or  unacceptable  use  of 
airspace.  The  ATARS  Avoidance  Advisories  would  provide  pilots 
and  controllers  with  real-time  messages  that  would  allow 
aircraft  to  avoid: 

o  Terrain  (hills,  valleys,  sloping  land), 

o  Obstacles  (TV  towers,  microwave  relay  towers,  radio 
towers,  tall  buildings),  and 

o  Special  Airspace  (Terminal  Control  Areas,  Restricted 
Airspace,  Prohibited  Airspace). 

The  avoidance  information  would  also  be  needed  by  ATARS  in  order 
to  prevent  advisories  from  being  given  that  would  maneuver 
aircraft  into  terrain,  obstacles,  or  special  airspace. 

Advisories  would  be  furnished  to  an  ATARS-equipped  aircraft 
whenever  it  enters  restricted  airspace,  is  predicted  to  be  too 
close  to  the  terrain,  or  is  predicted  to  be  too  close  to 
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obstacles.  These  advisories  would  be  Issued  on  each  scan  that 
the  alert  conditions  are  satisfied.  The  advisories  are  intended 
to  provide  the  pilot  with  information  concerning  the  potential 
problem;  they  would  not  attempt  to  resolve  the  problem. 

Terrain  advisories  alert  the  pilot  of  an  aircraft  that  is  in 
close  proximity  to  the  terrain.  A  terrain  alert  would  be  issued 
if  the  aircraft  is  projected  to  violate  the  altitude  threshold 
(500  to  1000  feet  above  the  terrain  elevation  as  defined  in  the 
ATARS  data  base)  associated  with  the  airspace  along  the 
aircraft's  projected  flight  path  during  the  projection  time 
(approximately  30  seconds).  Terrain  advisories  would  be 
suppressed  if  the  aircraft  is  on  a  final  approach  glide  slope. 

Airspace  advisories  would  be  used  to  notify  a  pilot  that  his 
aircraft  has  entered  restricted  airspace.  Such  an  alert  would 
also  be  issued  to  an  uncontrolled  aircraft  whenever  it  is  within 
a  Terminal  Control  Area. 

Obstacle  avoidance  advisories  would  be  issued  to  an  aircraft  if 
it  is  converging  with  an  obstacle  and  the  aircraft  is  within  a 
specified  distance  and  altitude  of  the  obstacle. 

3. 1.6.4  Potential  and  Longer  Range  Improvements 

A  potential  improvement  is  the  use  of  DABS  Data  Link  to  uplink 
MSAW  advisories  to  aircraft. 
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3.1.7  Traffic  Flow  Management 


3. 1.7.1  Current  System 


Currently,  terminal  metering  personnel  manually  calculate 
estimated  times  of  arrival  at  runways,  manually  determine 
desirable  spacing  and  sequencing  of  aircraft  onto  the  runways, 
and  manually  determine  the  aircraft  maneuvers  that  should  be 
performed  in  order  to  achieve  the  desirable  spacing  and 
sequencing. 

3.1. 7.2  Near  Term  Improvements 


Current  plans  call  for  terminal  flow  management  to  be  enhanced 
in  the  Near  Term  through  coordination  with  the  En  Route  Metering 
function  described  in  2.1.7.  The  terminal  metering  and 
sequencing  functions  performed  in  TRACONs  will  continue  to  be 
performed  manually. 

3. 1.7. 3  Far  Term  Improvements 

In  the  Far  Term,  Terminal  Sequencing  and  Spacing  (TS&S)  is 
expected  to  be  implemented  in  some  ARTS  IIIA  TRACONs.  TS&S 
would  help  controllers  control  the  arrival  of  aircraft  in  the 
terminal  area  so  that  safe,  efficient  use  could  be  made  of  the 
runways.  TS&S  would  attempt  to  have  aircraft  arrive  at  the 
runways  in  the  proper  sequence  and  with  proper  separation  from 
other  arriving  and  departing  aircraft.  Through  computer 
software,  TS&S  would  automatically  calculate  the  times  of 
arrival  if  no  actions  are  taken  by  controllers,  and  would  also 
calculate  the  estimated  arrival  times  that  are  needed  for  proper 
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spacing  of  aircraft.  TS&S  would  provide  terminal  controllers 
with  information  that  would  help  them  plan  any  maneuvers  and 
speed  corrections  that  may  be  needed  to  achieve  proper 
sequencing  and  spacing  of  aircraft.  TS&S  would  plan  for 
fuel-efficient  descent  profiles,  and  ultimately  would  include 
planning  for  multiple  runways,  VFR  flights,  and  departures. 

The  implementable  version  of  TS&S  is  under  development  and  can 
not  be  completely  specified  at  this  time.  Therefore,  the 
descriptive  Information  in  the  following  paragraphs  should  be 
considered  very  tentative. 

Inputs  that  would  be  required  by  TS&S  are: 

o  velocity  and  current  position  information.  Obtained 
from  ARTS  IIIA  automatic  tracking  program. 

o  aircraft  type.  Obtained  from  flight  plans  from  the  host 
ARTCC,  adjacent  TRACON,  etc. 

o  airport  configuration  and  conditions  (arrival  and 
departure  runways  in  use,  departure/arrival  mix  as  to 
volume,  adaptation  data  associated  with  the  airport 
configuration,  arrival  spacing  requirements,  weather 
data,  etc.) 

o  expected  arrival  time  at  terminal  metering  fix. 

Obtained  from  host  ARTCC. 
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Outputs  that  would  be  provided  by  TS&S  are: 


o  data  block  information  for  each  metered  aircraft. 

Provided  on  terminal  controllers'  situation  displays. 

-  recommended  heading,  altitude,  and/or  speed  to  which 
the  aircraft  should  be  told  to  change  at  this  time. 

-  landing  sequence  number,  assigned  runway,  and  required 
separation. 

-  number  of  seconds  that  the  aircraft  must  be  delayed. 

-  time  of  expected  departure  from  meter  fix,  and  hold 
recommendation  indicator. 

-  separation  alert. 

-  an  indication  of  whether  or  not  the  aircraft  is  flying 
a  fuel-efficient  descent  profile  path. 

o  tabular  data.  Provided  on  terminal  controllers'  and/or 

supervisors'  situation  displays. 

-  flight  plan  information  for  those  aircraft  that  are 
expected  to  arrive  in  the  terminal  airspace  within  the 
next  few  minutes. 
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-  a  hold  Indication  for  each  aircraft  for  which  a  hold 
Is  recommended. 

-  proposed  time  of  departure  from  meter  fix  for  each 
aircraft. 

-  amount  of  delay  time  that  should  be  imposed  on  each 
aircraft  considering  its  expected  time  of  arrival  at 
its  meter  fix. 

-  real-time  wind  data  calculated  from  tracking  results 
versus  assigned  aircraft  headings  and  speeds. 

-  preview  of  next  maneuvering  command  that  will  be 
presented  to  controller. 

information  to  be  sent  to  the  host  ARTCC. 

-  Proposed  Time  of  Departure  (PTD)  from  meter  fixes  for 
each  arriving  aircraft  that  would  require  delays 
greater  than  the  normal  control  ability  of  the 
terminal.  Digital  data  messages  for  use  by  En  Route 
Metering. 

-  current  aircraft  acceptance  rate  for  each  runway. 
Digital  or  voice  data  for  use  by  En  Route  Metering. 

-  flight  information  for  each  terminal  aircraft  ( VFR, 
Tower  En  Route,  or  Departure)  or  runway  slot 
reservations.  Digital  or  voice  data  for  use  by 

En  Route  Metering. 
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Also  In  the  Far  Term,  TS&S  would  be  made  compatible  with  the 
Terminal  Conflict  Alert  Function  and  En  Route  Metering*  TS&S 
would  be  dependent  upon  En  Route  Metering's  delivery  of  aircraft 
to  meter  fixes  within  certain  coarse  time  limits.  In  turn,  TS&S 
would  provide  En  Route  Metering  with  real-time  metering  and 
spacing  information  (runway  acceptance  rates,  runway  slot  usage, 
or  flight  data  for  VFR  flights,  Tower  En  Route  flights,  and 
departures)  and  more  timely  PTD  data  to  achieve  more  effective 
metering*  TS&S  would  also  include  an  automated  capability  for 
analysis  of  the  desirability  of  the  use  of  Profile  Descent  and 
other  fuel  conservation  methods  for  individual  aircraft. 

3. 1.7.4  Potential  and  Longer  Range  Improvements 

Integrated  Flow  Management  (IFM)  is  a  concept  that  may  be 
implemented  as  a  longer  range  improvement.  IFM  (as  described  In 
Reference  2-33)  Is  a  planning  process  that  would  provide  for 
communications  and  coordination  among  the  various  ATC  facilities 
(Central  Flow  Control,  En  Route,  TRACON,  Tower  Cab)  to  assure 
the  efficient  utilization  of  existing  resources  to  meet  the 
demand  imposed  on  the  ATC  system.  It  1b  concerned  with  a 
coordinated  and  efficient  systemwide  operation  and  does  not 
exercise  and  direct  control  of  individual  aircraft.  Preliminary 
work  is  underway  on  IFM. 

3.2  TRACON  Facilities  Connectivity 


Figures  3-4,  3-5,  and  3-6  show  respectively,  the  Current,  Near 
Term,  and  Far  Term  connections  between  an  ARTS  III(A)  TRACON  and 
other  elements  of  the  ATC  system.  The  figures  do  not  show  the 
specific  connectivity  for  ARTS  II  and  TPX-42  Facilities.  As 
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previously  mentioned,  the  emphasis  in  this  chapter  is  on  ARTS 
IIIA  TRACONs  —  the  highest  level  of  terminal  automation.  The 
TRACONs  and  TRACABs  that  have  ARTS  II  or  TPX-42  automation 
equipment  do  not  have  all  of  the  functions  and  are  not  connected 
to  all  of  the  elements  indicated  in  the  figures.  ARTS  II 
functional  capability  and  connectivity  are  similar  to  ARTS  IIIA 
but  more  limited.  The  capability  of  TPX-42  equipment  is  much 
more  limited,  and  the  equipment  itself  is  connected  only  to 
terminal  surveillance  sites. 

The  principal  changes  in  connectivity  from  the  Current  System  to 
the  Near  Term  System  are  shown  in  italic  type  in  Figure  3-5. 
Changes  in  complete  functions  and  groups  of  improvements  are 
further  emphasized  by  being  enclosed  in  blocks  outlined  with 
heavy  broken  lines.  Similarly,  italics  and  heavy,  broken  lines 
are  used  in  Figure  3-6  to  indicate  the  principal  changes  in 
connectivity  from  the  Near  Term  System  to  the  Far  Term  System. 
These  changes  are  briefly  described  in  the  following  paragraphs. 

Near  Term 


It  is  expected  that  Radar  Beacon  Transponders  (RBX)  will  be 
located  at  some  airports.  These  would  be  used  to  exchange 
BCAS-related  messages  between  aircraft  and  TRACONs. 

Information  on  aircraft  arrivals  and  diversions  is  expected  to 
be  sent  via  voice  to  the  ATCCC  (Air  Traffic  Control  Command 
Center)  from  the  TRACON  for  use  in  Central  Flow  Control 
calculations.  Weather  information,  especially  prepared  for  use 
by  TRACON  controllers,  would  be  available  from  the  CWSU  at  the 
host  ARTCC.  Digital  surveillance  data  would  be  sent  from 
TRACONs  to  Tower  Cabs  for  display. 


3-59 


Far  Term 


In  the  Far  Terra,  Data  Link,  capabilities  are  expected  to  be 
available  through  DABS.  The  TRACON  would  be  able  to  send 
messages  to  the  terminal  surveillance  sites  for  uplinking  to 
aircraft,  and  would  receive  (from  the  surveillance  sites) 
messages  that  had  been  downlinked  from  aircraft.  Controller 
Alerts  generated  by  ATARS  would  be  sent  to  the  TRACON.  Advisory 
messages  could  also  be  sent  to  the  TRACON  to  show  avoidance 
maneuvers  that  were  recommended  to  aircraft  by  ATARS  and/or 
BCAS.  A  TRACON  would  receive  its  principal  weather  information 
from  NEXRAD.  NEXRAD  would  provide  three-dimensional 
precipitation  information  plus  information  on  turbulence  and 
wind  shear.  Metering  data  would  be  exchanged  between  TS&S  and 
En  Route  Metering,  TIDS  is  expected  to  be  implemented  in  the 
Far  Term.  It  would  be  internal  to  the  TRACON,  and  would  be 
connected  to  the  ARTS  computer,  the  host  ARTCC,  adjacent 
TRACONs,  local  Tower  Cabs,  and  remote  Tower  Cabs.  Airport 
status  and  weather  data  would  be  consolidated  Into  TIDS  and 
displayed  on  special  TIDS  displays.  It  is  expected  that  FDADs 
would  be  used  at  ARTS  sites.  Surveillance  data  (aircraft  and 
weather)  would  be  received  in  digital  form  and  would  be 
displayed  on  the  FDADs.  It  is  expected  that  digital  weather 
Information  would  come  from  the  CWSU  at  the  host  ARTCC. 

3.3  TRACON  Facilities  Tentative  Implementation  Schedule 

Figure  3-7  shows  the  tentative  implementation  schedule  for  the 
principal  Improvements  to  the  TRACON  Facilities.  Generally,  the 
schedules  for  implementation  are  not  schedules  that  have  been 
approved  by  FAA  management.  In  many  cases,  no  decision  has  been 
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made  to  implement  the  function.  The  schedules  are  based  on  the 
best  estimates  of  the  times  of  availability  of  the  Technical 
Data  Packages.  The  estimates  have  been  obtained  from  personnel 
who  have  been  working  on  the  specific  functions  as  well  as  from 
budgetary  information. 

3.4  TRACON  Facilities  Interface  Planning  Summary 

In  the  preparation  of  this  chapter,  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
Implemented,  when  they  would  be  implemented,  how  they  would 
function  at  a  TRACON  Facility,  and  how  they  would  interact  with 
other  facilities.  This  section  identifies  assumptions  and  areas 
of  uncertainty  by  what  are  called  "System  Integration  Issues." 

The  Integration  Issues  cited  below  were  identified  during  the 
preparation  of  this  document  and  were  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  these  issues  was 
undertaken  by  a  joint  Systems  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  Issues  and  assumptions 
stated  below  were  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  December  1980.  The  reader 
is  cautioned  to  check  for  recent  changes  in  the  status  of  these 
Issues  before  forming  any  final  conclusions. 
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The  integration  issue  assumptions  pertinent  to  TRACON  Facilities 
are : 


3.4.1  DABS-Related  ARTS  Software  Issues 


Issue  202:  Use  of  DABS/ATARS  Data  by  En  Route  and  Terminal 
Automation  Facilities 


It  was  assumed  that  in  the  Far  Term,  ATARS  Advisories  and  DABS 
data  will  be  sent  from  Terminal  DABS  Sites  to  Terminal  ATC 
Facilities  and  to  some  adjacent  En  Route  ATC  Facilities.  En 
Route  DABS  Sites  will  be  implemented  as  longer  range 
improvements.  ATARS  Advisories  and  DABS  data  will  be  sent  from 
the  En  Route  DABS  Sites  to  En  Route  ATC  Facilities.  En  Route 
and  Terminal  Automation  Facilities  will  display  received 
advisories  to  their  controllers. 

Issue  305:  ARTS  IIIA  Software  for  the  DABS  Era 


It  was  assumed  that  commissionable  software  to  process  and 
display  DABS  surveillance  data  and  ATARS  advisory  messages  at  an 
ARTS  IIIA  site  will  be  developed  based  on  the  FAATC  (FAA 
Technical  Center)  TATF  (Terminal  Automation  Test  Facility) 
software  used  to  test  DABS.  DABS  will  treat  ARTS  IIIA  as  a 
non-correlating  user  of  surveillance  data. 

Issue  310:  DABS/ATARS  at  Multi-Beacon  ARTS  IIIA  Sites 


It  was  assumed  that  DABS  and  ATARS  data  from  multiple  DABS  Sites 
applicable  to  a  particular  ARTS  IIIA  Site  will  be  forwarded  and 
directed  to  the  appropriate  control  position  through  ARTS 
IIIA-based  software. 
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Issue  216:  TABG  Tracker  Coast  Processing 

It  was  assumed  that  the  TABG  (Threshold  Alpha  Beta  Gamma) 
tracker  will  be  improved  and  will  be  incorporated  In  the  ARTS 
IIIA  software. 

3.4.2  DABS-Related  Hardware  Issues 

Issue  302:  ARTS  II — DABS  Interface 


It  was  assumed  that  Video  Reconstitutors  will  be  used  to  convert 
digitized  surveillance  data  for  display  on  existing  ARTS  II 
time-shared  displays.  ARTS  II  software  to  utilize  DABS 
surveillance  data  will  be  developed  based  on  the  ARTS  IIIA/DABS 
interface  software. 

Issue  711:  Reconstituted  Video  for  DABS,  Search  Radar  (ARTS 
IIIA) 


It  was  assumed  that  Video  Reconstitutors  will  be  used  at  some 
ARTS  IIIA  sites  to  convert  DABS  surveillance  data  for  display  on 
existing  ARTS  IIIA  time-shared  displays.  Digital  displays  will 
be  available  at  some  ARTS  sites  that  receive  DABS  data  during 
later  phases  of  the  DABS  Implementation. 

Issue  317:  ARTS  IIIA  Hardware  for  Use  with  DABS 


It  was  assumed  that  additional  processing,  storage  and 
communications  capabilities  will  be  provided  at  ARTS  IIIA 
locations  to  support  DABS. 
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Issue  326:  SRAP 


It  was  assumed  that  when  DABS  Is  implemented  at  a  Terminal 
Surveillance  Facility  whose  search  radar  does  not  have  the 
Moving  Target  Detector  capability,  a  portion  of  SRAP  (Sensor 
Receiver  and  Processor)  will  be  installed  at  the  Terminal 
Surveillance  Facility  and  used  as  a  Radar  Data  Acquisition 
System  (RDAS)  to  provide  digitized  search  radar  data  to  DABS. 
The  SRAP  at  the  ARTS  site  will  be  removed  since  ARTS  will  then 
receive  digitized  search  data  processed  by  DABS. 

Issue  710:  ASR-9s  at  ARTS  IIIA  sites 


It  was  assumed  that  the  timing  of  the  installation  of  any  ASR-9s 
at  Terminal  Surveillance  Facilities  will  be  independent  of  the 
timing  of  DABS  implementation  at  those  facilities. 

3.4.3  ARTS  Software  Issues 


Issue  706:  ATARS  Advisories  on  Non-Mode  C  Aircraft 


It  was  assumed  that  proximity  advisories  will  be  sent  to  ATARS- 
equipped  aircraft  for  target  aircraft  that  are  Mode  A  equipped 
or  are  tracked  by  search  radar. 

Issue  707:  ATARS  Terrain  Avoidance,  Terminal  MSAW 

It  was  assumed  that  ATARS  will  contain  an  Avoidance  Advisory 
function  for  Terrain,  Obstacles,  and  Special  Airspace.  It  is 
further  assumed  that  at  some  point  this  function  will  be  merged 
with  terminal  MSAW. 
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It  was  assumed  that  the  initial  designs  of  the  Terminal 
Sequencing  and  Spacing  (TS&S)  function  will  operate  with  fixed 
$ets  of  longitudinal  separation  standards  between  aircraft  on 
final  approach.  The  advanced  Vortex  System  (AVS),  a  potential 
improvement,  may  be  developed  to  permit  variable  separation 
standards  to  increase  runway  capacity  while  minimizing  the 
likelihood  of  aircraft  encountering  wake  vortices.  It  Is 
assumed  that  TS&S  may  be  modified  to  account  for  variable 
spacings  If  required. 

3.4.4  Terminal  Hardware  Issue 

Issue  330:  TPX-42  Replacement 

If  was  assumed  that  all  TPX-42s  will  be  replaced  with 
ARTS-II-like  equipment  in  the  Near  Term. 


3.4.5  Miscellaneous  Issues 

Issue  304:  ARTS  IIIA  System  Definition  and  Capabilities 

It  was  assumed  that  as  implemented  in  the  Near  Term  (pre-1985), 
ARTS  IIIA  will  provide  the  following  improvements  over  the 
capabilities  of  ARTS  III:  automatic  tracking  of  search  radar 
targets,  fail-soft  capability,  multi-processing,  continuous  data 
recording,  more  storage  capacity  than  ARTS  III, 
multi-processing,  a  separate  buffer  memory  for  each  display, 
automatic  overload  sensing  and  protection,  and  remote  tower 
display  and  data  entry. 


Issue  315:  Consolidation  of  TRAOONs 


It  was  assumed  that  until  the  en  route  ATC  computer  replacement 
has  occurred,  TRACON  consolidation  will  be  limited  to 
configurations  similar  to  that  of  the  NY  TRACON. 

Issue  405:  Traffic  Flow  Management 

It  was  assumed  that  the  various  advanced  systems  and  automation 
improvements  (e.g. ,  En  Route  Metering,  Terminal  Sequencing  and 
Spacing,  and  Central  Flow  Control)  that  are  planned  for  traffic 
flow  management  will  be  implemented  as  compatible  packages. 
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4.  TOWER  FACILITIES 


This  chapter  describes  the  system  Improvements  planned  for  the 
Tower  Facilities  and  the  interfaces  with  other  ATC  facilities 
for  Current,  Near  Term  and  Far  Term  time  periods.  The  ATC 
facilities  and  time  periods  are  defined  in  Chapter  1.  The 
facilities  described  in  this  chapter  include  the  ATC  facilities 
that  control  most  of  the  aircraft  operating  within  an  airport 
traffic  area,  i.e.,  within  5  miles  of  an  airport  and  below  3000 
feet  AGL,  or  taxiing  on  the  ground.  Functions  performed  in  a 
Tower  Cab  related  to  terminal  area  traffic  control  outside  the 
airport  traffic  area  were  discussed  previously  in  Chapter  3  and 
will  not  be  repeated. 

In  Section  4.1,  the  current  functions  and  equipment  at  different 
types  of  Tower  Cabs  are  discussed  in  a  general  manner,  and  the 
Near  Term  and  Far  Term  improvements  are  described.  Then,  a 
discussion  of  the  anticipated  connectivity  changes  associated 
with  these  Tower  Cab  improvements  is  given  In  Section  4.2. 

This,  in  turn,  is  followed  by  a  discussion  of  the  tentative 
implementation  schedule  for  the  improvements  in  Section  4.3. 
Section  4.4  summarizes  an  assumption  that  was  made  with  regard 
to  interfaces  between  future  tower  improvements. 

4.1  Tower  Cab  Improvements 

Table  4-1  illustrates  the  four  major  types  of  airports  and  their 
associated  Air  Traffic  Control  facilities. 

•  The  High  IFR  Activity  Airports  are  the  primary  airports 
associated  with  an  ARTS  III  TRACON.  These  airports  have 
a  large  amount  of  air  traffic  that  operate  in  accordance 
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with  an  IFR  flight  plan  and  a  relatively  small  amount  of 
VFR  traffic.  Currently,  about  75%  of  all  air  carrier 
operations  take  place  at  this  type  of  airport- 

•  The  Medium  IFR  Activity  Airports  are  the  primary 
airports  associated  with  an  ARTS  II  or  TPX-42  TRACON  or 
TRACAB.  In  general,  these  airports  have  a  higher  level 
of  VFR  traffic  and  less  IFR  traffic  than  the  high  IFR 
activity  airports,  and  less  total  annual  activity.  Most 
of  the  remaining  air  carrier  operations  take  place  at 
this  type  of  airport. 

•  The  High  VFR  Activity  Airports  are  either  secondary 
(satellite)  airports  associated  with  a  TRACON  or  TRACAB, 
or  they  are  airports  that  have  a  control  tower  but  are 
not  associated  with  a  TRACON  or  TRACAB.  This  type  of 
airport  has  a  large  amount  of  VFR  traffic  and  very 
little  IFR  traffic.  Almost  all  of  the  traffic  at  these 
airports  is  small  general  aviation  aircraft. 

•  The  Medium  and  Low  VFR  Activity  Airports  have  less  VFR 
traffic  and  do  not  have  a  control  tower.  While  most 
airports  are  of  this  type,  the  annual  activity  at  these 
airports  is  usually  very  low.  In  fact,  less  than  half 
of  these  airports  have  either  paved  runways  or  runway 
lights. 

4.1.1  Current  Tower  Cab  Functions 


Table  4-2  lists  the  current  functions  and  equipment  associated 
with  a  Tower  Cab  at  a  given  type  of  airport.  Not  surprisingly, 
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while  the  functions  performed  at  all  Tower  Cabs  are  similar,  the 
highest  level  of  equipment  exists  at  the  high  IFR  activity 
airports  -  all  of  the  other  airport  types  have  a  subset  of  this 
equipment-  Each  Tower  Cab  performs  the  six  functions  described 
below. 

Airport  Traffic  Area  Control 


Air  traffic  controllers  in  the  Tower  Cab  control  traffic  within 
the  airport  traffic  area.  Visual  surveillance  of  the  aircraft 
under  control  is  normally  used  whenever  possible.  However,  when 
aircraft  are  beyond  visual  range,  or  the  visibility  is 
restricted  due  to  the  weather  or  time  of  day,  then  the 
controllers  utilize  the  ASR/ATCBI  BRITE  Display  for  surveillance 
information.  Voice  communications  between  the  controllers  and 
the  aircraft  is  accomplished  by  VHF  or  UHF  radio.  Civilian 
aircraft  utilize  VHF  voice  communications  and  military  aircraft 
utilize  VHF  or  UHF  voice  communications. 

Runway  and  Taxiway  Control 


This  f  inction  includes  the  control  of  aircraft  exiting  the 
runway  after  touchdown,  granting  taxi  clearances  for  arrivals 
and  departures,  holding  aircraft  for  departure  or  an  available 
gate,  granting  takeoff  clearances,  assuring  runway  clearance  for 
runway  operations  and  providing  safe  taxiway  flow  management. 
Visual  surveillance  of  aircraft  on  the  airport  surface  is 
augmented  at  some  high  IFR  activity  airports  by  Airport  Surface 
Detection  Equipment  (ASDE-2)  .  The  controllers  in  the  Tower  Cab 
use  an  ASDE  Display  to  locate  aircraft  on  the  airport's  surface 
(including  runways,  taxiways  and  apron  areas)  when  the 
visibility  conditions  are  poor. 
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Flight  Data  Handling 

Flight  plan  data  on  arriving  aircraft  is  forwarded  from  the 
ARTCC  to  the  Tower  Cab  and  printed  out  on  the  Flight  Data  Entry 
and  Printout  (FDEP)  equipment,  and  messages  on  departing 
aircraft  are  sent  from  the  Tower  Cab  to  the  ARTCC  via  FDEP. 

Weather  Data  Gathering 

Weather  information,  including  data  on  the  wind,  barometric 
pressure,  temperature,  ceiling,  and  visibility,  is  periodically 
gathered  at  the  airport  either  by  personnel  in  the  Tower  Cab  or 
at  an  associated  Flight  Service  Station  or  National  Weather 
Service  (NWS)  office  and  forwarded  to  other  ATC  and  NWS 
facilities.  In  addition,  during  periods  of  rapid  change  in  the 
weather,  special  observations  are  made. 

Sudden  changes  in  the  wind  due  to  updrafts  and  downdrafts  are 
detected  by  the  Low  Level  Wind  Shear  Alert  System  (LLWSAS)  at 
most  high  IFR  activity  airports.  The  LLWSAS  uses  wind  sensors 
deployed  around  the  airport's  periphery  and  at  the  airport's 
center  to  measure  the  wind's  magnitude  and  direction.  When  the 
LLWSAS  Processor  (located  in  the  tower)  detects  a  vector 
difference  of  15  knots  or  more  between  the  wind  velocity  at  any 
peripheral  sensor  and  the  center  sensor,  the  controllers  in  the 
Tower  Cab  are  notified  by  the  LLWSAS  Display  that  a  wind  shear 
condition  is  present. 

Tower  Cab  controllers  also  receive  weather  information  from 
Pilot  Weather  Reports  (PIREP).  These  verbal  reports,  via  VHF  or 
UHF  radio  communications,  include  airborne  weather  conditions  or 
runway/taxiway  surface  conditions.  PIREPs  can  be  requested  by 
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the  controller  or  volunteered  by  the  pilot. 

Airport,  Weather  Data  Dissemination 

Information  on  the  weather  and  the  status  of  the  airport's 
navigation  aids  and  runways  is  forwarded  to  aircraft  operating 
in  the  terminal  area  either  automatically  through  continuously 
broadcasted  Automatic  Terminal  Information  Service  (ATIS) 
messages  pre-recorded  in  the  Tower  Cab,  or  by  the  air  traffic 
controllers- 

Airport  Lighting  Control 

Air  traffic  controllers  in  the  Tower  Cab  are  also  responsible 
for  adjusting  the  intensity  of  the  approach,  runway,  and  taxiway 
lighting  systems  to  optimize  their  performance  under  the  current 
visibility  conditions  at  the  airport. 

4.1.2  Near  Term  Tower  Cab  Improvements 

As  shown  in  Table  4-3  and  Figures  4-1,  4-2  and  4-3,  six 
significant  improvements  are  anticipated  in  the  Near  Term. 

Tower  Cab  Digital  Display  (TCDD) 

TCDDs  will  replace  the  existing  BRITE  Displays  and  Improve  the 
presentation  of  surveillance  information  in  the  Tower  Cabs  at  a 
few  high  IFR  activity  airports  in  the  Near  Term,  and  more 
airports  in  the  Far  Term.  In  addition,  because  the  TCDDs  will 
use  narrowband  digital  data  Instead  of  broadband  video,  some 
high  VFR  activity  airports  (that  are  also  secondary  [satellite] 
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airports  associated  with  an  ARTS  IIIA  TRACON)  may  be  equipped 
with  a  TCDD.  This  assumes  that  adequate  surveillance  coverage 
will  be  available  from  the  surveillance  site  located  at  the 
primary  airport. 

Flight  Data  Input  Output  (FDIO) 

The  existing  75  bps  FDEP  equipment  will  be  replaced  with  FDIO 
printers,  keyboards  and  electronic  tabular  displays  to  handle 
flight  plan  data.  FDIO  will  have  a  much  higher  data  rate 
between  the  ARTCC  and  the  Tower  Cab  (2400  bps),  thus  improving 
the  flow  of  flight  plan  data.  In  addition,  the  FDIO  printers 
are  expected  to  reduce  the  amount  of  maintenance  required  in 
comparison  with  the  FDEP  printers. 

Airborne  Wind  Shear  System  (AWSS) 

Air  carrier  aircraft  will  be  equipped  with  an  airborne  wind 
shear  detection  system  which  will  allow  them  to  detect  the 
presence  of  wind  shear  while  they  are  landing  or  taking  off. 

Terminal  Data  Display  System  (TDDS) 

TDDSs  will  be  installed  at  high  IFR  activity  airports  to  display 
local  and  national  weather  information  for  use  in  the  Tower  Cab 
and  the  TRACON.  A  TDDS  will  consist  of  a  keyboard,  processor, 
and  several  electronic  tabular  displays. 

Computer  -  Generated  ATIS  (CGATIS) 

CGATIS  will  replace  the  existing  ATIS  equipment  at  medium  and 
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high  IFR  activity  airports.  It  will  convert  the  airport  and 
weather  data,  entered  manually  by  the  controllers  in  the  Tower 
Cab,  into  continuously  broadcasted,  computer-generated  voice 
transmissions.  The  transmissions  will  be  automatically  sent  to 
the  pilots  flying  in  the  area. 

Wind  and  Altimeter  Voice  Equipment  (WAVE) 

WAVE  will  be  installed  at  some  medium  VFR  activity  airports  to 
automatically  provide  wind  and  altimeter  setting  data  to  pilots 
executing  an  instrument  approach.  The  computer-generated  voice 
data  will  be  sent  via  a  VOR,  ND8  or  some  other  VHF  transmitter. 

4.1.3  Far  Term  Tower  Cab  Improvements 

In  the  Far  Term,  five  significant  improvements  are  tentatively 
being  considered  by  the  FAA. 

Airport  Surface  Detection  Equipment  (ASDE-3) 

The  existing  vacuum  tube  ASDE-2s  may  be  replaced  with  solid 
state  ASDE-3s  with  an  improved  surveillance  display.  In 
addition,  ASDE~3s  may  be  installed  at  a  number  of  high  IFR 
activity  airports  that  currently  do  not  have  an  ASDE. 

Terminal  Information  Display  System  (TIPS) 

The  FAA  may  replace  the  FDIO  and  TDDS  equipment  in  all  high  IFR 
activity  airport  Tower  Cabs  with  TIDS  equipment  in  order  to 
eliminate  the  need  for  flight  progress  strips  by  utilizing 
electronic  tabular  displays,  and  to  consolidate  weather  and 
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status  Information  in  the  Tower  Cab. 


TIDS  would  consist  of  a  TIDS  Processor  located  in  the  tower  and 
TIDS  Displays  located  in  the  TRACON  and  Tower  Cab.  The  TIDS 
Processor  would  interface  with  the  ARTS  IIIA  Processor,  the 
ARTCC,  and  the  TIDS  Displays,  and  would  control  the  flow  of 
flight  plan  and  weather  data  between  them. 

TIDS  would  also  display  weather  information  gathered  from  ground 
sources  and  pilot  reports,  (PIREPs),  and  status  information  for 
use  by  the  controllers  in  the  Tower  Cab  and  TRACON.  The  status 
Information  would  indicate  the  current  status  of  the  airport's 
Communications,  Surveillance  and  Navigation  facilities. 

In  addition,  TIDS  might  be  used  to  control  the  intensity  of  the 
airport's  lighting  systems.  Additional  information  on  TIDS  is 
contained  in  Chapter  3. 

Next  Generation  Weather  Radar  (NEXRAD) 


Since  the  Low  Level  Wind  Shear  Alert  System  (LLWSAS)  relies  upon 
wind  measurements  taken  near  ground  level,  it  can  only  detect 
horizontal  wind  shear  created  by  gust  fronts  or  cold  fronts.  To 
increase  the  safety  of  approaches  and  takeoffs,  surveillance 
low  level  wind  conditions  in  the  entire  arrival  and  detv  j.'e 
zones  is  required.  This  requirement  is  beyond  any  anemometer 
technique  yet  developed.  Thus,  NEXRAD  (Reference  4-1)  would  be 
used  to  supplement  the  LLWSAS  information  by  directly  measuring 
the  wind  shear  condition  along  the  approach  path.  It  would 
detect  both  types  of  wind  shear,  provided  that  precipitation  is 
present  -  it  would  not  be  able  to  detect  clear  air  wind  shear. 
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(See  Chapter  7  for  a  discussion  of  NEXRAD.) 


The  wind  shear  data  would  be  sent  from  NEXRAD  to  the  TIDS 
Processor  in  the  Tower  Cab,  and  thus,  the  controllers  in  the 
Tower  Cab  would  be  alerted  to  the  presence  of  hazardous  wind 
shear  conditions  by  the  TIDS  Display. 

Joint  Automated  Weather  Observation  System  (JAWOS) 


JAWOSs  will  be  installed  at  some  medium  and  high  VFR  activity 
airports.  At  the  high  VFR  activity  airports  that  have  been 
designated  as  Limited  Aviation  Weather  Reporting  Stations 
(LAWRSs),  they  will  be  used  to  aid  the  controllers  in  the  Tower 
Cab  by  automatically  gathering  local  weather  information  and 
distributing  it  to  other  ATC  and  NWS  facilities  via  NADIN. 

At  some  medium  VFR  activity  airports,  JAWOSs  will  be  used  to 
automatically  gather  local  weather  information  and  then 
broadcast  it  to  pilots  executing  an  instrument  approach.  A  VOR, 
NDB  or  some  other  VHF  transmitter  will  be  used  to  transmit  the 
computer-generated  voice  transmissions  to  the  aircraft.  The 
weather  data  will  also  be  forwarded  to  other  ATC  and  NWS 
facilities  via  NADIN. 

JAWOS  will  functionally  replace  several  previous  weather 
programs,  i.e.,  the  Semi-Automated  Meteorological  Observation 
System  (SAMOS),  the  Automated  Low-cost  Weather  Observation 
System  (ALWOS),  and  the  Aviation  Automated  Weather  Observation 
System  (Av-AWOS).  Thus,  one  of  these  JAWOS  systems  will  be 
selected  for  a  particular  site  depending  upon  the  local 
requirements  for  weather  information.  Each  site  might  include 
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data  on  the  wind,  temperature,  ceiling,  visibility,  and 
barometric  pressure. 

Enhanced  Terminal  Information  Service  (ETIS) 


The  FAA  might  install  JAWOS  systems  at  some  medium  and  high  IFR 
activity  airports  to  automatically  gather  weather  information 
and  send  it  to  the  CGATIS  and  the  TRACON  or  TRACAB.  The  CGATIS 
would  use  the  information  to  replace  the  manually  entered  data 
supplied  by  the  controllers  in  the  Tower  Cab. 

The  TRACON  or  TRACAB  might  eventually  use  the  JAWOS  weather  data 
as  an  input  to  a  DABS  Applications  Processor.  The  Processor 
would  send  ETIS  messages  to  the  pilot  via  the  DABS  data  link. 

4.1.4  Potential  and  Longer  Range  Tower  Cab  Improvements 

Beyond  these  anticipated  Far  Term  improvements,  the  FAA  is 
tentatively  exploring  six  other  improvements. 

Advanced  Vortex  System  (AVS) 

Aircraft  in  flight  generate  counter-rotating  wake  vortices  that 
trail  from  their  wing  tips.  Since  the  strength  of  these 
vortices  is  directly  related  to  the  weight  of  the  aircraft,  the 
utilization  of  large  wide  body  jet  aircraft  in  recent  years  has 
created  a  potential  safety  problem  in  the  vicinity  of  airports 
where  aircraft  follow  other  aircraft  at  relatively  close 
distances.  The  FAA  has  temporarily  adjusted  to  this  problem  by 
adopting  greater  longitudinal  separation  (3  to  6  nautical  miles) 
between  arriving  aircraft  under  IMC  conditions  as  a  function  of 
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aircraft  type. 


To  improve  safety  and  minimize  delays  at  some  high  IFR  activity 
airports,  the  FAA  might  install  an  AVS  at  the  airports.  AVS,  at 
least  initially,  may  not  detect  the  presence  of  the  wake 
vortices  but  rather  the  magnitude  and  direction  of  the  wind.  It 
would  then  estimate  whether  the  current  wind  conditions  were 
strong  enough  to  dissipate  or  move  these  vortices  away  from  the 
approach  path.  AVS  might  be  able  to  reduce  the  longitudinal 
separation  between  arriving  aircraft  to  3  nautical  miles  for  all 
types  of  aircraft  when  the  wind's  magnitude  exceeds  a  threshold 
value  which  varies  as  a  function  of  wind  direction. 

DABS  Data  Link  Messages 


The  DABS  data  link  might  be  used  at  some  high  IFR  activity 
airports  to  send  clearance  delivery  and  takeoff  clearance 
messages.  This  assumes  that  adequate  surveillance  coverage  from 
a  Terminal  Surveillance  Site  is  available. 

Tower  Automated  Ground  Surveillance  (TAGS)  System 


TAGS  (Reference  4-2)  is  envisioned  for  possible  use  at  a  few 
high  IFR  activity  airports  in  order  to  display  flight  identity 
information  on  surface  aircraft  that  are  transponder  equipped. 
This  information  would  be  placed  on  the  ASDE  Display  in  addition 
to  the  ASDE-3  search  radar  data. 

Runway  Configuration  Management  System  ( RCMS ) 

ROMS  might  be  used  to  reduce  delays  by  providing  information  to 
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supervisors  in  the  Tower  Cab  or  TRACON  on  the  availability  and 
traffic  handling  characteristics  of  various  runway 
configurations.  It  would  probably  be  intefaced  with  TIDS. 

FAA  Terminal  Weather  Radar 


FAA  Terminal  Weather  Radars  may  be  used  at  some  high  IFR 
activity  airports  if  NEXRADs  can't  be  installed  there.  They 
would  be  used  to  provide  local  weather  information  for  the 
TRACON  and  Tower  Cab,  including  wind  shear. 

Automated  Airport  Advisory  System  (AAAS) 

The  AAAS,  previously  known  as  the  Automated  Terminal  Service 
(ATS),  would  consist  of  a  surveillance  system  (either  a  search 
radar  and/or  a  beacon  radar)  and  a  AAAS  Processor.  The  AAAS 
Processor  would  digitally  process  the  surveillance  data  and 
issue  advisories  to  arriving  and  departing  aircraft  either  by 
computer-generated  voice  messages  or  a  DABS  data  link.  The 
advisories  would  be  used  to  improve  aircraft  safety  in  the 
vicinity  of  an  airport  without  a  Tower  Cab  at  a  lower  cost  than 
the  installation  of  a  Tower  Cab,  or  to  provide  services  at 
off-hours  at  an  airport  with  a  Tower  Cab  instead  of  adding  an 
additional  shift  of  controllers. 

4.2  Tower  Cab  System  Connectivity 

Connectivity  diagrams  specify  the  kinds  of  messages  sent  between 
ATC  facilities,  and  the  communications  media  used  (e.g., 
directly  wired,  digital  data  channel,  teletypewriter  channel, 
etc.).  Figures  4-4,  4-5,  and  4-6  illustrate  the  current 
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connections  between  a  Tower  Cab  and  the  other  ATC  facilities, 
and  the  changes  in  these  connections  due  to  the  anticipated  Near 
Term  and  Far  Term  improvements. 

Two  significant  changes  in  connectivity  will  occur  when  the  Near 
Term  improvements  are  implemented. 

•  The  installation  of  Microwave  Landing  Systems  (MLSs) 
with  an  automatic  landing  capability  at  a  few  airports 
will  require  that  the  Tower  Cab  furnish  the  MLS  with 
information  on  runway  conditions  and  visibility.  The 
MLS,  in  turn,  will  send  this  data  along  with  MLS  siting 
data  and  current  MLS  status  data  to  the  approaching 
aircraft  via  an  MLS  digital  uplink  (see  Chapter  8  for  a 
discussion  of  MLS). 

•  The  installation  of  TCDDs  at  a  few  airports  will  mean 
that  digital  surveillance  data  instead  of  video  data 
will  be  sent  to  the  Tower  Cab  from  the  TRACON. 

In  the  Far  Term,  three  additional  changes  in  connectivity  may  be 
made. 

•  The  installation  of  NEXRADs  would  mean  that  weather 
radar  data,  including  wind  shear,  would  be  sent  to  the 
Tower  Cab  and  the  TRACON. 

•  The  replacement  of  FDIO  with  TIDS  would  mean  that  flight 
plan  data  would  be  exchanged  with  the  ARTCC  through  the 
TRACON,  rather  than  directly  with  the  ARTCC.  Other 
data,  previously  sent  by  voice  between  the  Tower  Cab  and 
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Che  TRACON,  would  now  be  exchanged  through  TIDS. 


•  The  Installation  of  JAWOS  systems  at  some  airports  would 
permit  the  automatic  preparation  of  weather  data  for  the 
transmission  of  ETIS  messages  via  DABS.  JAWOS  would 
also  send  weather  data  to  the  tower  to  be  used  as  an 
input  to  CGATIS. 

4.3  Tower  Cab  Improvements  Tentative  Implementation  Schedule 

Figure  4-7  provides  a  tentative  implementation  schedule  for  the 
Tower  Cab  improvements  discussed  previously.  It  should  be 
emphasized  that  this  schedule  may  change  in  the  future  depending 
upon  the  operational  need  for  and  the  development  progress  of 
the  individual  projects. 

Information  on  the  Near  Term  improvements  was  obtained  from 
preliminary  budgetary  information  for  Fiscal  Years  1981  to  1984, 
and  information  on  the  Far  Term  improvements  was  obtained  from 
the  FAA  program  managers  involved  with  these  projects. 

4.4  Tower  Facilities  Interface  Planning  Summary 

In  the  preparation  of  this  chapter  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
implemented,  when  they  would  be  implemented,  how  they  would 
function  at  a  Tower  Facility,  and  how  they  would  interact  with 
other  facilities.  This  section  identifies  assumptions  and  areas 
of  uncertainty  by  what  are  called  "System  Integration  Issues." 

The  Integration  Issue  cited  below  was  identified  during  the 
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Near  Term 


preparation  of  this  document  and  was  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  this  issue  was 
undertaken  by  a  joint  System  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issue  and  assumption 
stated  below  was  consistent  with  the  issue  description  still 
under  consideration  by  this  group  in  early  December  1980.  The 
reader  is  cautioned  to  check  for  recent  changes  in  the  status  of 
the  issue  before  forming  any  final  conclusions. 

The  integration  issue  assumption  pertinent  to  Tower  Facilities 
is : 

Issue  331;  AVS  -  Terminal  Sequencing  and  Spacing 

It  was  assumed  that  the  initial  designs  of  the  Terminal 
Sequencing  and  Spacing  (TS&S)  fun^^fon  will  operate  with  fixed 
sets  of  longitudinal  separation  standards  between  aircraft  on 
final  approach.  The  Advanced  Vortex  System  (AVS),  a  potential 
improvement,  may  be  developed  to  permit  variable  separation 
standards  to  increase  runway  capacity  while  minimizing  the 
likelihood  of  aircraft  encountering  wake  vortices.  It  is 
assumed  that  TS&S  may  be  modified  to  account  for  variable 
spacings  if  required. 
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5.  AIR  TRAFFIC  CONTROL  COMMAND  CENTER 

This  chapter  describes  the  system  improvements  planned  for  the  j 

I 

Air  Traffic  Control  Command  Center  and  the  interfaces  with  other  <| 

ATC  facilities  for  Current,  Near  Term,  and  Far  Term  time 
periods*  The  ATC  facilities  and  time  periods  are  defined  in 
Chapter  1. 

The  Air  Traffic  Control  Command  Center  (ATC CC)  described  in  this 
chapter  contains  five  operational  components  operating  under  a 
center  chief.  The  operational  components  and  their  locations 
are : 

o  Central  Flow  Control  Function  (CFCF).  The  main  control 
positions  are  in  Room  626  of  Federal  Office  Building  10A 
in  Washington,  D.C.  Emergency  Operating  Facilities  are  y 

in  Atlanta,  Georgia  and  Martinsburg,  West  Virginia.  The 
Central  Flow  Control  Computer  Complex  (CFCCC)  is  in  the 
Butler  Building  at  the  Jacksonville  ARTCC  at  Hilliard, 

Florida.  An  Automation/Communications  center  is  located 
in  the  St.  Luke's  Professional  Building  in  Jacksonville, 

Florida. 

o  Airport  Reservation  Office  (ARO).  The  office  is  located  • 

in  the  St.  Luke's  Professional  Building  in  Jacksonville, 

Florida. 

o  Central  Altitude  Reservation  Function  (CARF).  The 

! 

function  is  located  in  the  St.  Luke's  Professional 
Building  in  Jacksonville,  Florida. 
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o  Contingency  Command  Post  (CCP).  The  main  and  backup 
posts  are  located  respectively  on  the  10th  and  6th 
floors  of  Federal  Office  Building  10A  in  Washington,  D.C. 

o  Central  Flow  Weather  Service  Unit  (CFWSU).  The  CFWSU  is 
co-located  with  the  Central  Flow  Control  Function  in 
Room  626  of  Federal  Office  Building  10A  in  Washington, 
D.C. 


Voice  communications  and  data  communications  used  by  the  ATCCC 
are  described  in  Chapter  9. 

Except  for  the  CFWSU,  all  of  the  operational  components  are 
manned  by  FAA  employees.  The  CFWSU  is  manned  by  meteorologists 
assigned  by  the  National  Weather  Service  (NWS). 

5.1  ATCCC  Improvements 

The  future  automation  improvements  within  the  ATCCC  include  new 
communications  equipment,  enhancements  to  CFCF  through  the 
addition  of  functional  modules,  the  replacement  of  the  dedicated 
store-and-forward  CFCF  communications  with  the  general  purpose 
National  Airspace  Data  Interchange  Network  (NADIN),  the 
automation  of  ARO,  and  the  providing  of  an  automated  plotting 
system  for  CARF. 

Table  5-1  summarizes  the  Near  Term  improvements  and  the 
Potential  and  Longer  Range  Improvements.  Far  Term  improvements 
have  not  been  defined.  Most  of  the  improvements  that  have  been 
identified  are  in  the  CFCF.  Therefore,  Table  5-2  is  provided  to 
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summarize  these  CFCF  improvements. 


Figures  5-1  and  5-2  describe  the  information  flow  for  the  ATCCC 
in  the  Current  and  Near  Term  time  periods,  respectively.  The 
functions  to  be  provided  by  the  ATCCC  are  the  same  in  both  the 
Current  and  Near  Term  time  periods.  However,  ARO  and  CARF  will 
be  automated,  and  the  CFCF  data  base  will  be  improved.  These 
changes  are  shown  in  Figure  5-2.  There  will  also  be  changes  in 
communications.  These  are  described  in  5. 1.1. 2. 

5.1.1  Central  Flow  Control  Function 


The  Central  Flow  Control  Function  is  the  focal  point  for  the 
management  of  nationwide  air  traffic  flow.  Through  CFCF, 
remedial  flow  control  procedures  are  put  into  effect  to 
alleviate  traffic  flow  problems.  Frequently,  such  problems  can 
be  predicted  by  CFCF  and  remedial  actions  taken  before  the 
problems  have  fully  developed. 

CFCF  improvements  are  expected  to  be  made  on  an  evolutionary 
basis  —  making  use  of  the  experience  gained  in  the  operation  of 
the  simulation  functions  and  in  the  manipulation  of  the  data 
base.  The  improvements  are  envisioned  to  be  in  the  expansion 
and  modification  of  the  CFCF  data  base,  refinements  in  traffic 
loading  analysis  and  simulations,  improved  reliability, 
introduction  of  graphics  capabilities  for  CFCF  specialists,  and 
expanded  communications  capabilities. 

5.1. 1.1  Current  System 

Quota  Flow  and  Fuel  Advisory  Departure  (FAD)  Procedures  are  the 
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principal  techniques  by  which  the  Central  Flow  Control  Function 
solves  traffic  flow  problems  resulting  from  terminals  being 
impacted.  A  terminal  is  Impacted  if  it  and  its  associated 
holding  stacks  are  unable  to  accept  aircraft  at  the  rate  at 
which  they  are  arriving  for  landing.  The  cause  of  such  a 
condition  is  almost  always  decreased  terminal  capacity  rather 
than  unusually  high  demand.  Decreases  in  terminal  capacity  are 
caused  primarily  by  bad  weather  conditions,  equipment  outages, 
or  unavailabilities  of  runways.  The  ARTCC  containing  an 
impacted  terminal  will  use  its  holding  capacity  to  absorb  as 
much  of  the  excess  amount  of  landing  traffic  as  is  possible. 
However,  a  condition  is  often  reached  in  which  the  current  or 
predicted  demand  exceeds  that  ARTCC' s  reasonable  capacity,  and 
the  ARTCC  itself  becomes  impacted,  it  is  under  such 
circumstances  that  Quota  flow  is  put  into  effect. 

Under  Quota  Flow,  each  of  the  adjacent  ARTCCs  is  given  a  quota 
for  the  rate  (number  of  flights  per  hour)  at  which  it  can  send 
flights  (bound  for  the  impacted  terminal)  into  the  impacted 
ARTCC.  Such  an  adjacent,  non-impacted  center  may  have  a  demand 
for  the  impacted  terminal  that  is  in  excess  of  the  assigned 
quota.  If  so,  the  non-impacted  center  will  attempt  to  absorb 
the  difference  between  demand  and  quota  by  holding  or  delaying 
flights  within  its  airspace. 

Sometimes  a  non-impacted  center's  holding  capacity  becomes 
saturated  or  is  in  danger  of  becoming  saturated.  Under  those 
circumstances,  a  "second  tier”  center  has  a  Quota  Flow  quota 
applied  to  it.  First  tier  centers  are  centers  that  are  feeding 
air  traffic  to  an  impacted  ARTCC.  A  "second  tier"  center  is  one 
that  is  feeding  air  traffic  to  a  "first  tier"  center.  As  with 
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first  tier  centers,  a  second  tier  center  may  have  a  demand  for 
the  impacted  terminal  that  is  in  excess  of  the  assigned  quota. 

If  so,  the  second  tier  center  will  absorb  the  difference  between 
demand  and  quota  by  holding  or  delaying  flights  within  its 
airspace. 

The  FAD  Procedures  were  developed  to  conserve  fuel  while  solving 
traffic  flow  problems  resulting  from  terminals  being  impacted. 
The  FAD  system  accomplishes  this  by  having  aircraft  absorb 
required  delays  on  the  ground  rather  than  in  the  air.  The 
system  was  originally  implemented  for  O'Hare  Airport  in  1976. 

It  now  serves  several  other  major  airports.  The  FAD  Procedures 
are  instituted  at  an  airport  when  the  CFCF  forecasts  that  the 
delays  at  the  airport  will  exceed  30  minutes  for  an  extended 
period  of  time.  The  CFCF  then  calculates  expected  delays  for 
arrivals  within  specific  future  time  brackets.  Airline 
dispatchers  are  instructed  to  have  their  aircraft  absorb  all  but 
the  last  30  minutes  of  such  delays  on  the  ground.  The  ground 
delay  time  incurred  by  a  FAD  aircraft  is  then  treated  as  the 
equivalent  of  the  same  delay  time  in  the  air.  After  their 
departure,  FAD  aircraft  are  given  clearances  that  should  limit 
their  airborne  delay  to  less  than  30  minutes. 

The  flow  control  specialists  at  the  ATCCC  have  automation 
support  available  that  can  predict  flow  control  problems  at  any 
of  the  ten  (as  of  December  1980)  pacing  airports  whose  data  is 
currently  processed  by  CFCF.  (A  pacing  airport  is  one  whose 
traffic  load  is  great  enough  as  to  regularly  cause  delays  for 
some  of  the  arriving  and  departing  aicraft.  There  were  17 
pacing  airports  as  of  December  1980.)  Figure  5-3  describes  the 
current  communications  capability. 
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FIGURE  5-3 

CURRENT  CENTRAL  FLOW  CONTROL  COMMUNICATIONS  NETWORK 


CFCF  specialists  forecast  air  traffic  activity  and  predict  flow 
control  problems  through  their  analysis  of  information  they 
receive  from: 

o  The  20  CONUS  ARTCCs  (verbal  information  from  Local  Flow 
Controllers) 

o  Control  towers  (high-activity  terminals)  (verbal 
information  from  controllers) 

o  The  airline  dispatch  offices 

o  CFWSU  personnel  in  the  ATCCC 

o  The  Central  Flow  Control  Computer  Complex 

-  CFCF  Data  Base  consisting  of  Official  Airline  Guide 
(OAG)  Data,  Flight  Plan  and  other  information 
entered  by  ATCCC  personnel,  and  real-time  data  on 
flight  progress  from  the  en  route  (ARTCC)  computers 

-  Traffic  activity  forecasts  calculated  from  the  CFCF 
Data  and  other  information 

The  real-time  digital  data  from  the  en  route  computers  consists 
of  flight  plan,  flight  plan  change,  domestic  departure,  and 
domestic  diversion  messages.  As  can  be  seen  in  Figure  5-3,  the 
messages  are  sent  through  a  dedicated  network  in  which  five  of 
the  ARTCCs  act  as  store-and-f orward  facilities  for  the  remaining 
ARTCCs.  This  network  is  limited  to  one-way  communications  from 
ARTCCs  to  the  CFCCC.  No  message  acknowledgements  or  other 
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normal  communications  protocol  capabilities  are  provided. 

CFCF  has  seven  primary  positions  and  one  weather  support 
position,  each  directly  connected  by  telephone  to  the  20  CONUS 
ARTCCs  and  the  control  towers  in  high-activity  terminals.  The 
operating  positions  are  provided  with  Inputs  from  the  previously 
mentioned  sources.  The  verbal  information  from  ARTCCs  includes 
situation  reports  collected  several  times  a  day  from  each 
ARTCC.  These  reports  include  current  and  expected  personnel 
staffing,  local  weather  conditions,  equipment  status,  radio 
frequencies,  and  local  assessments  of  real  and  potential  problem 
areas.  Most  of  this  information  is  collected  by  telephone 
utilizing  a  direct  push-button  callup  and  conferencing 
capability  that  connects  directly  to  all  of  the  ARTCCs  and  to 
control  towers  in  high-activity  terminals.  In  addition,  Autovon 
circuits  and  the  Federal  Telecommunications  System  (FTS)  are 
available  to  communicate  with  the  ARTCCs.  The  same  capability 
exists  with  all  the  major  Air  Traffic  Control  Towers. 

CFCF  personnel  communicate  with  the  CFCCC  through  DTEs  (Data 
Terminal  Equipment)  at  the  ATCCC.  They  can  enter  messages  (data 
base  updates,  requests  for  forecasts,  etc.)  via  the  DTE 
keyboards.  On  request,  the  CFCCC  (Hilliard)  prepares  forecasts 
of  air  traffic  activity  based  on  the  information  in  the  data 
base  and  sends  these  forecasts  to  a  DTE  or  the  medium  speed 
printer  at  the  ATCCC.  The  forecasts  are  then  analyzed  by  the 
Central  Flow  Control  Specialists.  If  warranted,  the  specialists 
prepare  flow  control  advisory  messages  (traffic  forecasts, 
traffic  quotas,  and  FAD  information)  and  send  them  to  the  ATCCC 
St.  Luke's  facility  via  facsimile  equipment.  Then,  St.  Luke's 
personnel  copy  the  information  via  keyboard  and  send  it  to 
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NATCOM  (Kansas  City)  via  a  dedicated  TTY  circuit.  NATCOM 
disseminates  the  information  to  the  appropriate  ARTCCs,  FSSs, 
and  airline  dispatch  offices. 


In  the  Near  Term,  it  is  expected  that  all  of  the  flow  control 
programs  (e.g.,  Quota  Flow,  FAD)  will  be  consolidated  into  a 
single  Delay  Management  Program.  The  CFCF  data  base  will  be 
expanded  and  improved.  This  should  result  in  substantial 
improvement  of  the  predicting  capability.  It  should  allow  all 
significant  flow  control  problems  to  be  recognized  early  enough 
to  enable  flow  adjustments  to  be  made  to  eliminate  the  problems, 
or  to  minimize  their  effects  on  the  national  flow  control 
picture,  and  it  should  generally  allow  traffic  flow  to  be 
managed  with  greater  precision  than  is  possible  today. 


It  is  expected  that  early  in  the  Near  Term,  the  Interim 
Automated  Flow  Control  System  (IAFCS)  will  be  implemented.  Its 
primary  purpose  is  to  provide  additional  improved  data 
communications  capabilities  that  will  improve  the  Interfaces 
among  various  elements  of  the  CFCF  and  will  facilitate  the 
exchange  of  traffic  forecasts,  Quota  Flow  control  information, 
FAD  Information,  system  status  reports,  and  data  requests.  Each 
ARTCC  and  each  of  the  17  pacing  airports  will  be  connected 
through  dedicated  multi-point  circuits  to  a  new  IAFCS  data 
communications  processor  at  St.  Luke's.  Similar  connections 
will  be  available  between  the  data  communications  processor  and 
the  CFCCC,  the  Washington  ATCCC,  the  two  Emergency  Operating 
Facilities  (Atlanta  and  Martinsburg) ,  Flight  Service  Stations, 
and  Airline  Dispatch  Offices.  Each  of  these  access  points  will 
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be  equipped  with  one  or  more  DTEs  (Data  Terminal  Equipment). 

Later  in  the  Near  Term,  it  is  expected  that  all  interfacility 
communications  involving  the  ATCCC  will  be  accomplished  through 
NADIN.  The  one-way,  five-ARTCC,  store-and-forward  data 
communication  network  will  be  replaced  by  NADIN  connections  with 
full  communications  protocol  capabilities.  The  integration  of 
ATCCC  digital  communications  into  NADIN  would  provide  for  the 
expansion  of  CFCF  data  collection  and  for  the  broader 
dissemination  of  Central  Flow  Control  and  other  ATCCC  reports  or 
decisions. 

Near  Term  CFCF  software  improvements  are  expected  to  include: 

o  output  message  edit  capability  where  review  of  output 
messages  may  be  accomplished  at  the  ATCCC  and  changes 
made,  if  necessary,  prior  to  output  on  the 
communications  network; 

o  CFCF  output  messages  directed  onto  the  data 

communications  network  from  either  the  ATCCC  or  CFCCC 
based  upon  an  operator  request  or  program  control; 

o  General  Information  message  input  using  the  available 
communications  network; 

o  the  ability  to  accept  and  process  additional  inputs  from 
en  route  and/or  terminal  facilities  (e.g.,  domestic  and 
international  progress  reports,  arrival  messages,  and 
international  departure  messages);  and 
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o  traffic  load  predictions  for  en  route  fixes. 


5. 1.1. 3  Potential  and  Longer  Range  Improvements 
Hourly  Summary  Data 

A  potential  improvement  that  is  under  consideration,  is  having 
the  CFCCC  provide  hourly  summaries  of  data  to  CFCF  personnel  in 
the  active  ATCCC.  The  summaries  would  include  each  airport's 
predicted  arrivals  and  departures,  simulated  delay  prediction 
reports,  and  flow  control  reports  that  are  used  in  the  Quota 
Flow  and  Fuel  Advisory  Departure  (FAD)  flow  control  procedures. 

AERA 


AERA  is  a  longer  range,  potential  improvement  that  would 
probably  affect  the  CFCF,  ARO,  and  CARF.  AERA  would  solve 
routine  spacing  and  sequencing  problems  and  implement  the 
solutions  through  automatically-generated  messages  sent  to 
pilots  via  Data  Link  or  voice  radio.  Among  other  functions, 
AERA  would  significantly  aid  or  replace  the  Local  Flow  Control 
function  (see  2.1.7)  in  ARTCCs  and  would  Include  the 
capabilities  of  En  Route  Metering  (see  2.1.7).  See  2. 1.3. 4  for 
further  information  on  AERA. 

Integrated  Flow  Management 


Preliminary  work  is  underway  on  an  Integrated  Flow  Management 
(IFM)  concept  that  would  affect  the  CFCF,  ARO,  and  CARF 
functions.  IFM  is  a  planning  process  that  would  provide  for 
communications  and  coordination  among  the  various  ATC  facilities 
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(Central  Flow  Control,  En  Route,  TRACON,  Tower  Cab)  to  assure 
the  efficient  utilization  of  existing  resources  to  meet  the 
demand  imposed  on  the  ATC  system.  When  expected  congestion 
warrants,  IFM  would  develop  a  coordinated  and  efficient 
systemwide  operational  plan  that  would  be  executed  through 
control  of  individual  aircraft  by  the  ARTCC  and  TRACONs.  The 
IFM  process  addresses  the  problem  areas  of  flow  planning  related 
to  the  volume  of  traffic,  expected  and  unexpected  constraints, 
contingency  plans,  system  efficiency,  and  stability  under 
predicted  operating  conditions. 

5.1.2  Central  Flow  Weather  Service  Unit 


The  CFWSU  is  similar  to  the  Center  Weather  Service  Units  at 
ARTCCs.  CFWSU  personnel  furnish  air  traffic  personnel  at  the 
CFCF  with  weather  data  and  Interpretations  of  that  weather  data 
in  the  following  forms: 

o  analyses  of  existing  surface  weather, 

o  the  upper-air  situation, 

o  the  orientation  of  the  jet  stream, 

o  identification  of  areas  associated  with  clear-air 
turbulence,  and 

o  forecasts  of  terminal  conditions. 
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Meteorologists  are  assigned  to  the  CWFSU  by  the  National  Weather 
Service.  They  assemble  and  correlate  weather  data  from  many 
sources: 

o  Weather  charts  of  the  upper-air  conditions  (including 
winds  and  precipitation)  are  received  from  the  National 
Meteorological  Center  on  an  NWS  facsimile  circuit.  Some 

of  these  charts  are  transferred  to  transparencies  and 

\ 

are  displayed  on  the  wall-sized  screens  by  the 
rear-screen  projectors. 

o  Weather  observations  and  forecasts  are  received  from  the 
Weather  Message  Switching  Center  (WMSC).  The 
information  is  fed  directly,  into  an  FAA-FSS  Service  "A" 
System  where  it  is  stored  on  disks*  The  latest 
applicable  information  is  retained  for  use  by  ATCCC 
specialists.  Through  Service  “A”  System  consoles,  they 
can  request  information  of  interest  and  can  have  it 
displayed  on  a  console  CRT  or  printed  on  a  Service  "A" 
System  printer. 

o  Facsimile  reproductions  of  radar  displays  from  37  (as  of 
December  1980)  NWS  Weather  Radars  and  ARSRs  (Air  Route 
Surveillance  Radar)  are  provided  over  dial-up  telephone 
circuits. 

o  The  National  Oceanic  and  Atmospheric  Administration's 
(NOAA's)  National  Environmental  Satellite  Service 
transmits  satellite  picture  data  over  data  lines  to  the 
ATCCC.  The  pictures  are  obtained  from  the  Geostationary 
Operational  Environmental  Satellite  (GOES).  They  show 
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short-term  development  and  movement  of  cloud  systems 
over  the  48  contiguous  United  States  at  30-minute 
Intervals. 

5.1.3  Airport  Reservation  Office 


The  Airport  Reservation  Office  (ARO)  Is  designed  to  relieve 
congestion  at  the  country's  four  highest  activity  airports  (La 
Guardia,  John  F.  Kennedy,  Washington  National,  and  O'Hare). 
During  high  activity  hours,  arrivals  and  departures  at  these 
airports  may  be  restricted  to  aircraft  for  which  prior 
reservations  have  been  made  with  ARO.  Under  these 
circumstances,  most  of  the  airport  time  slots  are  allocated  to 
commercial  air  carriers  based  upon  the  published  schedules. 
(Special,  current-day  modifications  to  the  schedules  can  be 
requested  by  the  Airline  Scheduling  Committee.  The  ARO 
coordinates  these  changes  with  the  affected  airports  and  makes 
adjustments  where  necessary.)  Air  taxis  receive  the  second 
allocation  of  time  slots.  These  are  also  based  on  schedules. 
General  aviation  and  military  users  receive  any  remaining  time 
S  lo  1 8  . 

After  determining  the  air  carrier  and  air  taxi  reservation 
allocation,  the  ARO  allocates  the  remaining  slots  to  pilots  who 
request  slots  directly  from  the  ATCCC.  A  confirmation  or  denial 
of  the  requested  slot  is  made  to  the  pilot,  or  an  alternate  time 
is  provided. 

In  the  Near  Term,  the  ARO  function  will  be  automated  through  the 
use  of  the  CFCF  data  base.  This  will  allow  reservations  to  be 
entered  through  an  ARO  operator's  keyboard  for  those  flights 
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expected  to  arrive  at  one  of  the  four  reservation-controlled 
terminals  when  a  slot  time  is  available.  Monitoring  of 
available  slots  within  the  CFCF  data  base  will  be  possible 
through  the  CFCF  arrival  list  routine.  This  list  will  include 
all  previously  reserved  air  carrier  flights,  as  well  as  any 
supplementary  air  carrier  flights,  general  aviation,  and 
military  flights  which  have  been  granted  reservations  by  the  ARO 
operator. 

5.1.4  Central  Altitude  Reservation  Function 


The  Central  Altitude  Reservation  Function  (CARF)  has  the 
authority  to  reserve  certain  defined  airspace  for  specific 
temporary  use.  Generally,  this  use  is  for  the  mass  movement  of 
military  aircraft  that  are  being  flown  with  less  separation  than 
is  normally  allowed.  Other  uses  include  air  refueling 
operations,  rocket  firings,  missile  firings,  training  flights 
for  low-level  navigation  and  bombing,  and  VIP  flights  that 
require  airspace  protection.  CARF  has  primary  jurisdiction  over 
high  altitude  airspace  (above  18000  or  24000  feet)  within  CONUS, 
Alaska,  Hawaii,  and  U.S.  Oceanic  Flight  Information  Regions. 

CARF  also  has  jurisdiction  over  the  airspace  required  for 
special  low  altitude  military  training  routes  referred  to  as 
Olive  Branch  routes.  CARF  aircraft  may  create  unsafe  conditions 
for  civil  aircraft  within  normal  controlled  airspace  due  to  the 
manner  in  which  the  CARF  aircraft  fly  or  the  fact  that  CARF 
flights  may  consist  of  two  or  more  aircraft.  CARF  provides  a 
three-dimensional,  protective,  airspace  envelope  around  the 
planned  route  of  flight  for  a  specified  time  period.  CARF 
accomplishes  this  by  instructing  the  appropriate  ARTCCs  and 
TRAC0N8  to  deny  non-CARF  clearances  to  the  envelope  airspace. 
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The  size  of  envelope  is  determined  by  the  type  of  mission. 


Generally,  CARF  receives  the  requests  for  protected  airspace 
from  cognizant  military  organizations  well  in  advance  of  the 
proposed  event.  This  allows  CARF  to  have  adequate  time  for 
notification  and  coordination  between  the  impacted  facilities 
(e.g. ,  ARTCCs,  Terminals,  Military  Operations,  etc.).  CARF  also 
serves  as  the  United  States  coordination  agency  for  processing 
airspace  reservation  requests  for  flights  that  will  traverse 
foreign  airspace. 

An  automatic  plotting  system  will  be  provided  to  the  CARF  during 
the  Near  Term.  The  CARF  plotting  function  will  be  provided 
through  the  use  of  the  cathode  ray  tube  graphics  capabilities  of 
a  dedicated  computer  that  will  be  installed  in  the  St.  Luke's 
Building  in  Jacksonville.  Plots  will  be  presented  to  the  CARF 
operation  that  compare  routes,  altitudes,  and  areas  of  high 
traffic  activity  against  all  other  CARF  requests  previously 
entered  into  the  system  to  assure  that  no  conflicts  will  result 
from  any  CARF  assignments. 

5.1.5  Contingency  Command  Post 

The  Contingency  Command  Post  (CCP)  is  designed  to  become 
activated  when  a  major  calamity  (such  as  a  catastrophic  failure 
at  one  of  the  ARTCCs)  occurs  within  the  air  traffic  control 
system.  Under  such  circumstances,  the  CCP  would  arrange,  to  as 
large  an  extent  as  possible,  for  ATC  coverage  of  the  airspace 
normally  controlled  by  the  failed  center.  The  CCP  would 
accomplish  this  through  coordination  with  controllers  at  each  of 
the  adjacent  ARTCCs  and  appropriate  TRACONs/TRACABs. 
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The  operational  aid  provided  in  support  of  the  Contingency 
Command  Post  (CCP)  is  in  the  form  of  direct  access  telephone 
channels  to  each  ARTCC  (20)  and  to  each  control  tower  at 
high-activity  terminals*  Additionally,  limited  dialing 
capability  is  provided  for  conferencing  up  to  40  locations  on 
one  call.  Rear-screen  projectors  that  utilize  automated  slide 
selection  are  also  provided  to  view  a  CONUS  weather  map,  ARTCC 
maps  with  or  without  route  structures  and/or  weather,  terminal 
diagrams,  terminal  forecasts,  etc.  The  communications  channels 
available  to  the  Contingency  Command  Post  are  also  available  for 
use  by  the  other  functions  within  the  ATCCC. 

Requests  for  assistance  in  handling  impending  crises  are  made  to 
the  Contingency  Command  Post  (CCP)  where  policy  assistance  and 
advisories  are  provided  together  with  communications  monitoring 
until  the  problem  is  resolved  or  the  cognizant  field  facility 
can  handle  the  problem. 

5.2  ATCCC  System  Connectivity 

Figures  5-4  and  5-5  show  the  interfacility  connectivity  for  the 
Current  and  Near  Term  ATCCC,  respectively.  The  changes  noted  on 
Figure  5-5  result  from  the  CFCF  functional  additions  and  the 
replacement  of  the  previous  communications  capability  with 
NADIN.  The  Interim  Automated  Flow  Control  System  (see  5. 1.1. 2) 
is  not  shown,  since  it  is  assumed  that  it  will  be  replaced 
(except  for  the  buffering  available  in  the  IAFCS  communications 
processor)  by  NADIN. 

The  Near  Term  functional  changes  include:  the  addition  of 
domestic  Progress  Report  and  Arrival  messages  and  the  addition 
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FIGURE  M 

CURRENT  ATCCC  CONNECTIVITY  DIAGRAM 


of  international  Departure,  Progress  Report,  and  Arrival 
messages  to  the  message  repertoire  between  the  ARTCCs  and  CFCCC; 
the  additional  requests  (and  results)  that  can  be  obtained  from 
the  enhanced  data  base  (fix  loading  results,  etc.)  and  hardware 
(e.g.,  DTEs,  communications  processor)  changes.  Far  Term 
improvements  for  the  ATCCC  have  not  yet  been  defined. 

5.3  ATCCC  Tentative  Implementation  Schedule 

In  the  Near  Term,  an  automated  plotting  system  will  be  added  to 
CARF,  and  ARO  will  be  automated  through  the  use  of  the  CFCF  data 
base.  As  shown  in  Figure  5-6,  no  specific  times  have  been 
established  for  adding  the  enhanced  CFCF  functions  during  the 
Near  Term.  It  is  expected  that  enhancements  to  the  CFCF 
function  will  be  determined  as  experience  is  gained  on  the 
present  system  or  as  needs  are  identified.  Figure  5-6 
identifies  the  addition  of  the  automatic  plotting  system  for 
CARF. 


5.4  ATCCC  Facility  Interface  Planning  Summary 

In  the  preparation  of  this  chapter,  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
implemented,  when  they  would  be  implemented,  how  they  would 
function  at  the  ATCCC  Facility,  and  how  they  would  interact  with 
other  facilities.  This  section  identifies  assumptions  and  areas 
of  uncertainty  by  what  are  called  "System  Integration  Issues." 

The  Integration  Issue  cited  below  was  identified  during  the 
preparation  of  this  document  and  was  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  this  issue  was 
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undertaken  by  a  joint  System  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issue  and  assumption 
stated  below  was  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  December  1980.  The  reader 
is  cautioned  to  check  for  recent  changes  in  the  status  of  this 
issue  before  forming  any  final  conclusions. 

The  integration  issue  assumption  pertinent  to  the  ATCCC  Facility 
is: 

Issue  405:  Traffic  Flow  Management 

It  was  assumed  that  the  various  advanced  systems  and  automation 
improvements  (e.g.,  En  Route  Metering,  Terminal  Sequencing  and 
Spacing,  and  Central  Flow  Control)  that  are  planned  for  traffic 
flow  management  will  be  implemented  as  compatible  packages. 
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6.  FLIGHT  SERVICE  FACILITIES 


This  chapter  describes  the  system  improvements  planned  for  the 
Flight  Service  Facilities  and  the  interfaces  with  other  ATC 
facilities  for  Current,  Near  Terms  and  Far  Term  time  periods. 

The  ATC  facilities  and  time  periods  are  defined  in  Chapter  1. 
Those  facilities  which  support  the  provision  of  preflight  and 
inflight  services  primarily  to  non-air  carrier  pilots  and  air 
crews  are  described.  Preflight  briefings  provide  the  latest 
information  regarding  current  and  forecast  weather,  general 
flying  conditions  and  the  status  of  airspace  and  navigational 
facilities  along  the  planned  route  of  flight.  Either  Visual 
Flight  Rule  ( VFR)  flight  plans  or  Instrument  Flight  Rule  (IFR) 
flight  plans  may  be  filed.  Inflight  services  include  the 
provision  of  updated  weather  information,  traffic  control 
information  to  aircraft  unable  to  contact  an  ARTCC,  flight 
assistance  to  lost  or  disoriented  pilots,  flight  following  of 
VFR  aircraft  in  hazardous  areas  and  coordination  of  search  and 
rescue  operations.  Communications,  weather  radar,  and 
navigational  aids  are  not  Included  except  to  show  interfaces  to 
the  primary  facilities. 

During  the  Current  time  period,  the  primary  facility  described 
is  the  non-automated  Flight  Service  Station  (FSS).  Figure  o-l 
shows  United  States  Locations  for  non-automated  Flight  Service 
Stations.  For  the  Near  Term,  Model  1  of  the  Flight  Service 
System  automation  program  provides  the  initial  capability.  (See 
Figure  6-2).  With  Model  1,  Flight  Service  Data  Processing 
Systems  (FSDPS)  will  be  providing  centralized  computer  support 
to  41  Automated  Flight  Service  Stations  (AFSS)  while  the 
non-automated  Flight  Service  Station  continues  to  function  in 
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FIGURE  6-2 

MODEL  1  FLIGHT  SERVICE  AUTOMATION 
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the  remaining  locations.  Figure  6-3  shows  the  locations  of 
Flight  Service  Facilities  and  highlights  Model  1  automated 
facilities.  Model  1  will  provide  automated  support  to  the 
specialist  both  for  the  entry  and  retrieval  of  information  and 
for  automated  data  base  maintenance.  Some  14  FSDPSs  will  be 
Installed  at  ARTCC  locations  and  will  support  the  41  of  AFSSs 
located  at  existing  FSS  sites.  FSDPS  hardware  for  Model  1  is  to 
be  a  subset  of  the  Model  2  computer  hardware.  Model  2  AFSSs 
will  contain  a  new  improved  display  system.  Automated  prototype 
systems  currently  in  place,  namely  the  Aviation  Weather  and 
NOTAM  System  (AWANS)  (Atlanta,  Georgia  and  Indianapolis, 

Indiana)  and  the  Meteorological  and  Aeronautical  Presentation 
System  (MAPS)  (Washington,  D.C.),  will  not  be  replaced  until 
Model  2  is  implemented.  The  Public  Voice  Response  System  (VRS) 
now  available  in  an  experimental  version,  may  lead  to  an  Interim 
VRS  capability  in  the  near  term. 

Later  in  the  Near  Term,  with  the  implementation  of  Model  2, 
automation  of  specialist  support  is  extended  by  the  provision  of 
more  extensive  and  more  selective  retrieval  capabilities, 
improved  graphics  and  improved  displays.  Direct  support  to  the 
pilot  provides  for  access  to  the  system  utlizing  the  Direct  User 
Access  Terminal  (DUAT).  For  Model  2,  the  computer  hardware  is 
expected  to  be  expanded  over  Model  1,  communications 
capabilities  will  be  enhanced,  specialist  consoles  will  be 
replaced  and  direct  preflight  and  post  flight  support  to  the 
pilot  and  air  crews  is  planned  to  be  available  from  the  system 
(See  Figure  6-4).  Additional  FSDPSs  will  be  installed  for  Model 
2  at  the  remaining  6  ARTCC  locations.  The  number  of  AFSSs  will 
increase  to  56.  Two  Aviation  Weather  Processors  (AWPs)  will  be 
supplying  centralized  data  base  maintenance  for  weather  and 
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FIGURE  6-3 

MODEL  1  FACILITY  LOCATIONS 


FIGURE  6-4 
MODEL  2  FLIGHT 
SERVICE  FACILITIES 


aeronautical  information  in  the  Model  2  system  including  the 
pilot  oriented  data  base  in  which  weather,  and  aeronautical 
information  is  reformatted  and  contractions  are  expanded  for 
improved  understandabillty . 

In  the  Far  Term,  Weather  Message  Switching  Center  (WMSC) 
functions  are  to  be  incorporated  in  the  expanded  AWPs,  improved 
weather  radar  will  be  available  (NEXRAD)  and  an  integrated  Voice 
Response  System  capability  will  be  provided  along  with  the 
utilization  of  a  Voice  Recognition  System.  Three  additional 
FSDPSs  will  be  implemented  (at  San  Juan,  Honolulu  and  Anchorage) 
along  with  5  more  AFSSs.  Figure  6-5  shows  the  extent  of 
automated  facilities  with  full  Model  2  deployment. 

Non-automated  FSSs  will  gradually  be  phased  out  during  the  Far 
Term  when  consolidation  into  the  61  AFSSs  will  be  completed. 

The  facilities  provided  at  the  FAA  Technical  Center  (FAATC)  for 
the  support  of  the  Flight  Service  automation  program  and  the 
training  facilities  at  Oklahoma  City  are  not  included  in  this 
chapter. 

Improvements  to  Flight  Service  Facilities  are  described  in 
Section  6.1  which  follows.  Additional  information  and  details 
are  provided  in  Section  6.2,  Flight  Service  Facilities 
Connectivity,  Section  6.3,  Flight  Service  Facilities  Tentative 
Implementation  Schedule  and  6.4  Flight  Service  Facilities 
Interface  Planning  Summary. 

6.1  Flight  Service  Facilities  Improvements 


Improvements  to  Flight  Service  Facilities  have  two  basic  goals: 
one,  to  provide  automated  support  to  the  Flight  Service 
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FIGURE  6-5 

MODEL  2  FLIGHT  SERVICE  FACILITY  LOCATIONS 


Specialist  in  carrying  out  assigned  functions,  now  primarily  a 
manual  and  laborious  process  of  shuffling  paper  and  preparing 
inputs;  and  two,  to  make  certain  services  directly  accessible  to 
pilots  in  a  convenient  and  responsive  way.  The  effect  of  the 
improvements  is  to  make  it  possible  for  Flight  service 
facilities  to  provide  required  services  under  increasing  traffic 
loads  in  a  more  responsive  way  while  minimizing  the  requirement 
for  increased  manning. 

The  functional  breakout  to  be  utilized  throughout  Chapter  6  is 
shown  in  the  first  column  of  Table  6-1,  Flight  Service 
Facilities  Summary.  It  is  intended  to  highlight  those 
functions  addressed  in  the  improvements  program  and  is  not 
necessarily  inclusive  of  all  functions  carried  out  at  Flight 
Service  Stations.  In  the  third  and  fourth  column,  improvements 
planned  for  the  Near  Term  are  identified.  These  improvements 
are  for  the  Automated  Flight  Service  Stations  under  Model  1  and 
Model  2  of  the  Flight  Service  Station  Automation  Program.  Model 
1  will  be  the  automated  system  during  the  time  period  1982-1983 
and  will  consolidate  automated  functions  into  a  number  of 
Automated  Flight  Service  Stations.  The  third  column  summarizes 
Model  1  improvements  to  be  implemented  early  in  the  Near  Term. 
The  fourth  column,  summarizes  Model  2  improvements  expected  to 
be  available  later  in  the  Near  Term  system  (1983-1984)  which 
will  Include  the  Aviation  Weather  Processor  and  additional 
functions  at  the  FSDPS  and  AFSS.  Each  of  the  functions  is 
described  below  along  with  the  impact  of  improvements  to  each  of 
the  functions  identified  in  the  information  flow  diagrams 
(Figures  6-6,  6-7,  6-8  and  6-9).  The  weather  briefing  function 
is  the  primary  operational  service  provided;  the  ordering  of  the 
functions  is  not  intended  to  relate  to  load  or  priority.  The 
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FAR  TEAM  FLIGHT  SERVICE  FACILITIES 
INFORMATION  FLOW  DIAGRAM 


evolution  of  each  function  will  be  traced  from  the  Current 
system  through  the  Near  Term  system  and  the  Far  Term  system. 
For  each  improvement,  Inputs,  Internal  functions,  outputs  and 
operational  results  will  be  described.  Changes  to  the  flow  of 
information  over  time  will  be  described  and  required  interface 
planning  noted. 

6.1.1  Emergency  Assistance 


Two  aspects  of  emergency  assistance  are  described  here:  one, 
assistance  to  an  overdue  aircraft,  i.e.,  Search  and  Rescue  (SAR) 
procedures,  and  two,  assistance  to  a  lost  (disoriented)  pilot. 
The  SAR  function  is  discussed  first.  In  the  Current  system,  if 
an  aircraft  becomes  overdue  (as  noted  from  the  inbound  list)  the 
appropriate  sequence  of  search  and  rescue  related  messages  is 
manually  initiated.  These  messages  are  sent  to  the  departure 
FSS  and  those  FSSs  along  the  route  of  flight,  requesting 
information  on  the  overdue  aircraft  and  initiating  a  search  and 
rescue  Alert  Notice  as  appropriate.  Retrieval  of  data  on  the 
overdue  aircraft  is  manual  in  each  of  the  FSSs  involved  and  the 
response  must  be  manually  generated. 

In  the  Near  Term  Model  1  system,  if  an  aircraft  is  overdue  (as 
indicated  by  an  automated  alert),  a  specialist  at  the 
destination  AFSS  manually  initiates  and  addresses  the  proper 
sequence  of  search  and  rescue  messages.  The  automatic  retrieval 
of  data  on  the  overdue  aircraft  is  requested  by  specialists  at 
the  departure  or  en  route  AFSS  and  must  be  manually  addressed  to 
the  requesting  AFSS.  (Where  manual  Flight  Services  Stations 
are  involved,  their  processing  remains  as  described  under  the 
Current  system.) 
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In  the  Near  Term  Model  2  system,  when  an  automatic  alert  Is 
generated  at  the  destination  AFSS,  the  required  search  and 
rescue  messages  are  automatically  generated  and  displayed  to  the 
specialist  at  the  destination  AFSS  prior  to  transmittal*  The 
system  will  determine  the  addresses  of  other  AFSSs  (e.g*, 
departure,  en  route)  which  should  receive  search  and  rescue 
messages.  At  each  AFSS/FSDPS  involved,  requested  information 
will  be  automatically  retrieved  and  the  responses  automatically 
generated  for  display  to  a  specialist  prior  to  transmission. 
(Proccosing  at  manual  FSSs  remains  as  described  under  the 
Current  system. ) 

Over  time,  the  information  flow  for  this  function  is  gradually 
automated  and  communications  are  improved.  The  operational 
result  is  a  more  effective  use  of  the  specialist,  an  increased 
system  reliability  and  a  decreased  system  response  time. 

Assistance  to  a  lost  or  disoriented  pilot  is  provided  in  the 
Current  system  by  utilizing  the  direction  finder  at  the  FSS  in 
contact  with  the  pilot  to  get  a  bearing  which  is  manually 
plotted  by  a  Flight  Service  Specialist.  This  involves  manual 
tuning  of  receivers  and  verbal  confirmation  of  signals.  The 
specialist  may  also  get  other  dir>  mal/locational  information 
from  the  pilot  (e.g.,  VOR  radial),  or  time/distance  checks  may 
be  done  on  sequential  pilot  transmissions  to  locate  the  pilot's 
position.  The  pilot  is  then  given  direction  guidance  to  a  safe 
location. 

In  the  Near  Term  Model  1,  the  procedure  is  the  same.  In  the 
Near  Term  Model  2,  the  specialist  enters  bearing  information 
into  the  FSDPS  which  will  solve  the  navigational  problems  of 
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location  and  compute  the  heading  to  a  requested  location. 
Primary  inputs  and  outputs  to  the  pilot  remain  the  same; 
however,  the  support  to  the  specialist  in  locating  the  aircraft 
and  providing  a  heading  to  a  safe  location  is  automated.  The 
operational  effect  is  to  provide  a  faster  system  response  and 
more  effective  utilization  of  the  specialist. 

6.1.2  En  Route  Flight  Advisory  Service  (EFAS) 


Forty-four  Flight  Service  Stations  provide  an  En  Route  Flight 
Advisory  Service  (EFAS),  a  specialized  system  providing  near 
real-time  weather  service  directly  to  pilots  in  flight.  In  the 
Current  system,  the  Flight  Watch  Specialist  (FWS)  who  provides 
the  service  will  enter  Pilot  Reports  (PIREPs)  into  the  system 
over  Service  A  teletype.  These  are  then  forwarded  to  the  WM SC 
for  entry  into  the  national  data  base  and  subsequent 
distribution.  The  FWS  will  manually  maintain  files  of  PIRSPs 
and  will  maintain  a  manual  plot  of  current  weather  conditions 
for  the  area  of  responsibility  (600  nautical  mile  radius  of  the 
Facility).  When  the  specialist  is  contacted  by  inflight  pilots, 
they  will  be  provided  with  current  weather  conditions. 
Furthermore,  the  FWS  may  contact  pilots  to  solicit  PIREPs  on 
local  weather  conditions  of  interest  and  may  coordinate  that 
activity  with  the  ARTCC  responsible  for  that  area. 

In  the  Near  Term  Model  1,  the  input  and  maintenance  of  FIREP 
information  is  supported  by  the  automated  system  at  the  FSDPS. 
PIREP  entry  may  be  made  at  the  AFSS  either  in  fixed  or  random 
format  and  the  system  will  place  the  message  in  transmission 
format  and  send  it  to  the  WMSC.  PIREP  retrieval  is  provided  by 
the  system  for  specified  locations  and  will  include  PIREPs 
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received  from  the  WMSC  as  well  as  PIREPs  entered  at  the  AFSS. 
PIREP  retrieval  may  be  filtered  so  that  only  those  PIREPs  with 
information  in  selected  fields  will  be  retrieved.  As  in  the 
Current  system,  a  manual  weather  plot  may  be  maintained.  This 
may  be  supplemented  by  automated  weather  retrieval  in  the  Near 
Term  system. 

In  the  Far  Term,  the  FWS  will  have  the  full  range  of  weather 
retrievals  available.  Improved  graphic  products  from  the  NWS 
Automation  of  Field  Operations  and  Services  (AFOS)  system  and 
weather  radar  displays  are  also  expected  to  be  available. 

PIREPs  may  be  retrieved  for  a  corridor  along  the  route  of  flight 
or  by  distance  from  a  location. 

Over  time,  the  flow  of  information  to  and  from  the  pilot  remains 
about  the  same.  However,  the  flow  of  information  to  and  from 
the  WMSC  is  improved  by  both  the  automated  assistance  to  PIREP 
entry  and  the  improved  communication  capabilities.  The 
functions  performed  by  the  FWS  are  progressively  automated  to 
provide  data  base  maintenance  and  retrieval  as  well  as  improved 
graphics  products. 

6.1.3  Data  Base  Maintenance 

This  function  is  to  a  large  extent  basic  to  all  the  others. 
Improvements  in  it  are  reflected  in  the  others.  In  the  Current 
system,  inputs  to  the  system  are  over  the  teletype  networks 
(Service  B  for  flight  information  and  Service  A  for  weather  and 
NOTAMs).  There  is  little  or  no  automatic  error  checking.  Data 
maintenance  for  flight  information  is  manual  and  involves 
keeping  hard  copy  reports  organized  for  convenient  searching  and 
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retrieval  of  Information.  Storage  and  retrieval  of  weather  and 
aeronautical  information  is  accomplished  utilizing  the  leased 
Service  A  system.  This  system  is  installed  at  150  FSSs. 

Graphic  products  are  available  by  facsimile  network  from  NWS. 

In  the  Near  Term  Model  1,  automated  support  is  provided  for  the 
input  of  information  and  for  maintenance  (update)  of  the  data 
base.  Specialist  inputs  are  in  either  fixed  or  variable  format 
with  error  checking  performed.  New  weather  inputs  from  WMSC 
replace  outdated  weather  in  the  data  base. 

In  both  the  Near  Term  Model  2  and  in  the  Far  Term,  data  base 
maintenance  functions  for  the  Flight  Service  Automation  System 
are  shared  between  the  two  Aviation  Weather  Processor  (AWP)  and 
the  Flight  Service  Data  Processing  Systems  (FSDPSs). 

6 •  1. 3 . 1  Aviation  Weather  Processor 


Weather  and  aeronautical  information  from  WMSC  is  received  at 
the  AWPs  where  a  number  of  centralized  processes  are  performed. 
Reformatting  of  the  information  and  expansion  of  contractions  is 
automatically  done  for  the  weather  and  aeronautical  data  base  to 
be  used  in  support  of  pilot  briefings  (e.g.,  via  DUATs). 

Surface  Observations  and  Pilot  Reports  are  reforaatted  but  all 
other  messages  from  WMSC  are  utilized  as  received  (except  for 
manual  editing)  for  the  data  base  to  be  used  in  support  of  the 
FSS  specialists.  Graphic  data  from  the  NWS  AFOS  system  is  also 
received  at  the  AWP.  Manual  editing  including  manual  entry  of 
graphics  is  planned  for  the  AWP.  Centralized  maintenance  is 
also  performed  at  the  AWP  on  Preferred  Routes,  the  Law 
Enforcement  file  and  Special  Use  Areas.  Periodic  data  base 
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updates  are  sent  to  the  FSOPSs  and  a  complete  data  base  Is 
supplied  when  needed  (e.g.,  start-up). 

In  the  far  tern,  WMSC  functions  will  be  Incorporated  into 
expanded  AWPs.  These  functions  include  the  weather  and 
aeronautical  data  gathering,  data  base  maintenance  and  weather 
and  aeronautical  data  distribution  functions  now  performed  at 
the  WMSC. 

6. 1.3. 2  FSDPSs 


Data  base  maintenance  except  for  local  inputs  is  automatic  at 
the  FSDPSs  in  the  Near  Term  Model  2  and  the  Far  Term.  As  new 
information  is  received  from  the  AWP  it  automatically  replaces 
older  data.  Weather  radar  inputs  are  maintained  for  up  to  13 
radar  sites  and  radar  images  are  automatically  redistributed  to 
each  AFSSs.  Graphics  (e.g.,  AFOS  products)  are  also 
automatically  maintained  at  the  FSDPSs  and  redistributed  to  the 
AFSSs. 

6.1.4  NOT AM  Processing 

NAVAID  monitoring  and  control  is  performed  at  the  Flight  Service 
Station  by  monitoring  a  status  panel  and  by  switching  in 
alternate  NAVAIDs  as  needed.  The  Flight  Service  Stations  are 
the  prime  source  of  entry  of  the  Notices  to  Airmen  (NOTAM)  into 
the  national  aviation  data  base.  When  outages  occur  or  are 
reported  in  the  Current  system,  the  specialist  enters  the 
information  into  the  teletype  system  and  manually  maintains  a 
file  for  local  use.  This  requires  strict  manual  accounting 
procedures  and  lists  to  insure  data  integrity.  In  the  Near  Term 
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Model  1  automated  support  is  provided  to  the  entry  and 
distribution  of  NOTAMs.  As  the  specialist  receives  notification 
of  airport  conditions  or  determines  NAVAID  outages,  the 
information  is  entered  by  the  specialist  in  the  format  provided 
by  the  computer.  The  program  will  automatically  transmit  the 
NOTAM  to  the  WMSC  for  nationwide  distribution.  Also  the 
specialist  may  enter  a  suspense  time  when  the  computer  program 
will  recall  the  NOTAM  for  appropriate  follow-on  action  (e.g., 
reentry,  cancellation).  In  the  Near  Term  Model  2,  automated 
NOTAM  accounting  will  be  provided  and  NAVAID  status  information 
is  expected  to  be  provided  by  the  Remote  Maintenance  and 
Monitoring  System  (RMMS). 

6.1.5  Preparation  of  PATWAS/TWEB 

In  the  Current  system,  weather  and  aeronautical  information 
retrieval  for  recording  Pilot  Automatic  Telephone  Weather 
Answering  Service  (PATWAS)  and  Transcribed  Weather  Broadcast 
(TWEB)  information  is  done  manually  by  the  specialist.  TWEB 
reports  or  TWEB  synopsis  from  NWS  may  be  used  along  with  PIREPs, 
NOTAMs  and  other  information  as  appropriate.  The  specialist 
dictates  into  the  recording  mechanism  the  specific  weather 
report  compiled  for  each  PATWAS  and  TWEB  outlet.  Generally,  the 
emphasis  is  on  current  weather  or  developing  inclement 
conditions.  In  the  Near  Term  Model  1  system,  weather  retrieval 
for  use  in  PATWAS  and  TWEB  recording  is  done  by  the  automated 
system  which  may  utilize  prespecified  sequences  of  weather  and 
aeronautical  messages  by  specified  location  or  locations  (which 
can  define  PATWAS  or  TWEB  routes)  or  weather  reports  may  be 
retrieved  by  location  or  route.  The  predefined  sequences  may 
specify  appropriate  combinations  of  prepared  text  messages  and 
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current  weather  messages  for  the  respective  PATWAS  or  TWEB 
routes  in  order  to  present  to  the  specialist  all  required 
information  for  each  PATWAS  or  TWEB  report.  The  specialist  then 
uses  this  information  to  record  the  reports  as  in  the  Current 
system.  The  number  of  reports  available  to  the  pilot  is  to  be 
expanded  for  the  Near  Term  . 

In  the  Near  Term  Model  2  system,  weather  and  aeronautical 
information  retrieval  can  be  route-oriented  or  by  location  and 
can  be  by  prespecified  sequences.  The  capability  to  retrieve 
weather  and  aeronautical  information  tailored  to  the  specific 
formats  and  data  to  be  entered  into  the  PATWAS  and  TWEB 
recordings  would  be  available.  In  the  Far  Term  individual 
reports  would  be  entered  into  the  PATWAS/TWEB  utilizing  Voice 
Response  System  support. 

Over  time,  increasing  automated  support  is  provided  to  the 
specialist  in  preparing  PATWAS  and  TWEB  recordings  by  first 
automating  the  retrieval  of  weather  and  aeronautical 
information,  and  later  by  the  introduction  of  support  from  the 
Voice  Response  System. 

6.1.6  Specialist  Weather  Briefing 

The  weather  briefing  function  draws  on  a  large  national  data 
base  of  weather  and  aeronautical  information.  Table  6-2  lists 
the  general  categories  of  information. 

In  the  Current  system,  the  specialist  must  search  through  files 
of  teletype  reports  or  recall  weather  conditions  in  order  to 
present  a  weather  briefing  to  a  pilot.  The  teletype  reports  of 


TABLE  6-2 

WEATHER  AND  AERONAUTICAL 
INFORMATION  CATEGORIES 


Surface  Aviation  Weather  Observations  (Domestic, 
Military,  Canadian,  Mexican,  Caribbean,  Alaskan) 

Aviation  Terminal  Forecasts  (Domestic,  Military, 
Canadian,  Mexican  and  Caribbean) 

Notices  to  Airmen  (NOTAMs) 

Flight  Data  Center  ( FDC)  NOTAMs  and  FDC  NOTAM 
Cancellations 

Central  Altitude  Reservation  Facility  (CARF)  NOTAMs 
and  CARF  NOTAM  Cancellations 

International  NOTAMs 

Area  Forecasts  (Domestic,  Canadian,  Mexican  and 
Caribbean) 

Significant  Meteorological  Information 
Airmen's  Meteorological  Information 
Pilot  Reports  (Domestic,  Alaskan) 

TWEB  Routes  and  Synopses 
Hurricane  Advisories 

Severe  Weather  Forecasts  and  Bulletins 
Severe  Weather  Outlook 
Grid  Winds 

Radar  Reports  (Domestic,  Canadian,  Caribbean) 

ATC  System  Coirmand  Center  (ATCSCC)  Messages 
Military  Operations  Messages 
AFOS  Graphic  Products 
Tropical  Depression  Advisories 
Prognostic  Map  Discussion 
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weather  and  aeronautical  conditions  are  manually  searched  for 
information  of  importance  to  the  pilot  for  the  particular  flight 
being  planned.  Graphic  products  (including  NOA A  satellite 
pictures)  available  to  the  specialist  are  received  over  a 
facsimile  network  and  are  further  available  over  closed  circuit 
television  at  some  facilities.  Weather  radar  displays  are 
available  in  those  FSSs  having  an  EFAS  capability. 

In  the  Near  Term  Model  1  system,  retrieval  of  weather  and 
aeronautical  conditions  from  the  data  base  is  automated  and  can 
be  by  predefined  sequences  of  message  types,  by  specific 
location  and  weather  type,  or  can  be  area  or  route-oriented. 

The  retrieved  information  is  presented  to  the  specialist  on  a 
display.  Graphic  products  from  NWS  and  the  Satellite  Field 
Service  Station  are  made  available  more  conveniently  using 
closed  circuit  television  at  the  majority  of  Model  1  facilities. 

In  Near  Term  Model  2,  the  retrieval  of  weather  and  aeronautical 
conditions  for  the  specialist  is  even  more  flexible  and  more 
selective.  Route-oriented  briefings  may  utilize  preferred 
routes  available  from  the  system,  filtering  of  reports  on  the 
basis  of  weather  conditions  is  utilized  (i.e.,  if  there  are  no 
significant  weather  phenomena  the  report  is  not  displayed). 
Graphic  displays  (including  AFOS  products)  and  weather  radar 
would  be  retrieved  from  the  data  base;  these  would  be  viewed  on 
a  separate  video  terminal  by  the  specialist. 

The  automation  of  weather  and  aeronautical  data  retrieval  and 
display  to  the  specialist  is  progressively  improved  to  be  more 
flexible  and  increasingly  selective  in  order  to  provide  the 
needed  information  more  quickly  and  with  the  minimum  amount  of 
excess  information. 
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6.1.7  Specialist  Flight  Plan  Processing  j  j 

I  ; 

•I 

In  the  Current  system,  when  a  specialist  receives  required 
information  from  a  pilot  wishing  to  file  a  flight  plan,  the 
specialist  will  note  the  information  while  talking  to  the 

pilot.  The  flight  plan  is  then  entered  into  the  Service  B  1 

teletype  network  in  a  highly  structured  format  and  addressed  to 

the  destination  FSS  if  it  is  VFR  or  to  the  departure  ARTCC  if  it 

is  IFR.  Error  notifications  or  rejections  from  the  addressees 

must  be  corrected  in  the  same  structured  format  and  addressed  to 

the  specific  locations.  Subsequent  amendment,  departure  and 

flight  plan  close  messages  must  be  entered  in  a  similar 

fashion.  Coordination  with  ARTCCs  is  accomplished  via  telephone 

or  utilizing  the  manual  process  described  above.  In  the  Near 

Term  Model  1  system,  the  specialist  will  request  a  flight  plan 

format  on  the  video  terminal  when  a  pilot  requests  assistance  in 

filing  a  flight  plan.  As  the  pilot  gives  information  to  the 

specialist,  the  specialist  will  enter  it  in  the  proper  fields 

until  the  required  information  is  complete.  The  specialist  will 

then  indicate  whether  the  flight  plan  is  to  be  transmitted  to  an 

ARTCC  (for  IFR  flights)  or  sent  to  the  destination  facility  when 

activated  (in  the  case  of  VFR).  In  both  Model  1  and  Model  2, 

flight  plan  information  entered  in  the  process  of  a  weather 

briefing  will  be  retained  temporarily  by  the  system  for  use  in 

building  a  flight  plan  message  so  such  information  will  not  have 

to  be  reentered. 

In  the  Current  system  a  list  of  incoming  flights  is  manually 
maintained  by  the  specialist  and  is  used  to  determine  if  flights 
are  overdue.  In  the  Near  Term  and  Far  Term  systems,  the  list  of 
incoming  flights  is  automatically  maintained  by  the  system. 
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Flights  that  are  overdue  (i.e.,  not  closed  or  cancelled,  within 
a  specified  time  of  expected  arrival)  will  cause  an  automatic 
system  alert  at  a  specialist  position. 

In  the  Near  Term  Model  2  system  and  the  Far  Term  system,  such 
alerts  will  also  cause  the  system  to  prepare  Search  and  Rescue 
messages  for  review  and  possible  use  by  the  specialist. 

6.1.8  Weather  Observations 


In  the  Current  system,  weather  observations  may  be  taken  at  an 
FSS.  In  addition  to  local  use,  these  observations  are  the  basis 
for  weather  messages  which  are  manually  entered  into  the  Service 
A  network  for  transmission  to  the  WMSC  and  redistribution 
nationwide.  In  the  Near  Term  Model  1  and  Model  2  system,  such 
weather  observations  will  continue  to  be  made  and  weather 
messages  will  be  entered  via  specialist  terminals  at  AFSSs  or 
manually  at  non-automated  FSSs  Into  the  Service  A,  ABDIS  or 
NADIN  network  for  transmission  to  the  WMSC  and  nationwide 
redistribution.  In  the  Far  Term,  it  is  anticipated  that  the 
Joint  Automated  Weather  Observation  System  (JAWOS)  will  provide 
a  means  of  automatically  providing  weather  observations  for 
local  use  as  well  as  for  retransmission  to  WMSC  (or  combined 
AWP/WMSC)  for  nationwide  distribution. 

6.1.9  PATWAS/TWEB  Access 


In  the  Current  system,  PATWAS  access  is  via  telephone.  The 
pilot  must  dial  the  specific  number  to  get  the  local  or  FATWAS 
route  information  required.  In  the  Near  Term  and  Far  Term 
systems,  one  telephone  number  will  have  a  selection  of  routes  or 
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local  briefings  available  by  utilizing  push-button  control.  In  • 
the  Far  Term,  PATWAS  access  may  also  utilize  a  Voice  Recognition 
System.  TWEB  access  is  available  via  radio  throughout  the  time 
periods  covered. 

6.1,10  Pilot  Flight  Plan  Entry/Close 

In  the  Current  and  Near  Term  Model  1  systems,  the  pilot  does  not 
have  direct  access  to  the  system  for  filing  or  closing  flight 
plans.  The  pilot  may,  however,  utilize  the  Fast  File  capability 
which  will  record  flight  plan  information  for  subsequent  entry 
into  the  system  by  a  specialist.  In  the  Near  Term  Model  2 
system,  the  pilot  may  use  a  DUAT  to  enter  flight  plans.  On  a 
DUAT,  entries  are  made  in  a  conversational  mode,  and  if  the 
filing  is  in  conjunction  with  a  weather  briefing,  flight  plan 
information  entered  during  the  course  of  the  weather  briefing  is 
retained  temporarily  by  the  system  and  is  available  to  the  pilot 
to  use  without  reentry.  Also  the  DUAT  may  be  used  for 
cancelling  or  closing  a  flight  plan. 

In  the  Far  Term,  DUAT  support  Is  extended  and  the  Voice  Response 
System  (VRS)  is  used  in  conjunction  with  entries  on  a 
push-button  equipped  telephone.  In  the  case  of  VRS  the  system 
will  echo  each  element  of  the  flight  plan  entered  by  the  pilot 
for  confirmation  or  correction.  Flight  data  entered  into  the 
system  by  a  pilot  is  transmitted  to  the  departure  ARTCC  in  the 
case  of  IFR  and  to  the  departure  and  arrival  AFSS  in  the  case  of 
VFR. 


6.1.11  Pilot  Weather  Briefing 


Except  for  PATWAS  (and  TWEB)  the  pilot  does  not  have  direct 
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access  to  the  system  for  a  weather  briefing  until  Near  Term 
Model  2.  In  that  system,  a  Direct  User  Access  Device  (DUAT)  may 
be  used  by  a  pilot  to  carry  out  an  interactive  session  with  the 
FSDPS  to  get  a  briefing  on  weather  and  aeronautical  information 
either  on  a  route-oriented  or  specific  location  basis.  If  the 
DUAT  is  capable  of  displaying  graphics,  appropriate  graphics 
will  be  presented  as  part  of  the  briefing.  If  not,  area 
forecasts  will  be  displayed  for  the  indicated  route  of  flight. 

In  the  Far  Term,  a  pilot  may  use  push-button  equipped  telephone 
to  request  local  or  route-oriented  briefings  from  the  Voice 
Response  System.  Pilot  briefings  are  presented  by  the  system 
utilizing  the  special  data  base  in  which  weather  and 
aeronautical  messages  have  been  reformatted  and  contractions 
have  been  expanded. 

Voice  Response  capabilities  are  also  being  pursued  independent 
of  any  specific  FSAS  model  and  could  be  Implemented  as  a 
separate  system  much  earlier  depending  on  the  results  of 
configuration  and  requirement  studies  underway. 

6.1.12  Improvements  Dependencies 


The  most  notable  dependency  between  the  improvements  is  the 
dependency  of  the  briefing  functions,  the  primary  operational 
task,  on  the  automated  data  base  maintenance  function.  In  fact, 
all  the  improvements  are  to  some  extent  dependent  on  the 
improved  data  base  maintenance.  Improved  specialist  support,  in 
Model  2,  is  dependent  on  the  improved  consoles  and  displays  as 
well  as  data  maintenance  automatically  performed  at  the  AWP  and 
FSDPS.  Editing  functions  (including  graphic  capabilities) 
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enpected  to  be  available  at  the  AWP  will  further  enhance  the 
useabllity  of  the  national  data  base  of  weather  and  aeronautical 
Information.  Improved  graphics  are  dependent  on  the 
availability  of  the  AFOS  data  from  NWS.  Improved  weather  radar 
at  the  AFSS  is  dependent  on  the  availability  and  remotlng  of  the 
necessary  radar  facilities.  Direct  support  to  the  pilot 
provided  under  improvements  9  and  10  as  cited  in  Table  6-1  are 
dependent  on  the  expanded  data  base  developed  at  the  AWP  (i.e., 
expanded  contractions  and  reformatting)  and  on  the  development 
of  the  Voice  Response  System. 

6.1.13  Potential  and  Longer  Range  Improvements 

Potential  and  Longer  Range  Improvements  to  the  Flight  Service 
Facilities  Include  the  use  of  color  graphics,  the  utilization  of 
DABS  data  link  for  pilot  support,  voice  response  assistance  to 
the  specialist,  and  the  Center  Weather  Service  Unit  (CWSU) 
interface  under  the  Aviation  Weather  System  (AWES)  program. 
Studies  and/or  plans  in  each  of  these  areas  could  result  in  new 
requirements  for  the  Flight  Service  Facilities  to  support  and 
corresponding  new  improvements  in  capabilities. 

6.2  Flight  Service  Facilities  Connectivity 

In  this  section,  the  connections  to  other  facilities  are 
described,  emphasizing  the  type  of  information  passed  over  the 
connection.  Telephone  connections  and  connections  for  passing 
general  information  or  administrative  information  are  not 
covered.  There  are  four  figures  which  illustrate  the  various 
connections  over  the  time  periods  covered  in  this  report: 

Figure  6-10  for  the  Current  system,  Figure  6-11  and  6-12  for  the 
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Near  Term  and  Figure  6-J3  for  the  Far  Term,  Lach  of  the 
connections  will  he  described  below  over  the  three  time  periods. 

6.2.1  National  Weather  Service 


In  the  Current  system,  the  National  Weather  Service  (NWS) 
provides  graphic  charts  over  a  facsimile  circuit.  This 
capability  is  also  available  in  the  Near  Term  Model  1.  Starting 
with  Model  2,  improved  graphics  products  from  the  AFOS  system 
will  be  sent  to  the  AWP  via  data  channel.  Editing  and  combining 
of  graphic  products  may  also  be  performed  and  the  products  are 
made  available  for  use  by  the  specialist  at  the  AFSS  or  the 
pilot  via  a  DUAT. 

6.2.2  Satellite  Field  Service  Station 


In  the  current  system  and  through  Model  2,  graphic  products  in 
the  form  of  National  Oceanic  Atmospheric  Administration  (NOAA) 
satellite  pictures  are  received  at  some  of  the  FSSs  and/or 
AFSSs.  In  the  Far  Term  it  is  assumed  that  digitized  data  is 
secured  at  the  combined  WMSC/AWP  for  retransmission  to  the  FSDPs 
(and  AFSSs)  nationwide. 

6.2.3  Weather  Message  Switching  Center 

The  Weather  Message  Switching  Center  (WMSC)  gathers  alphanumeric 
(A/N)  weather  and  aeronautical  information  from  a  number  of 
sources  including  NWS  and  FSS  sources.  It  is  the  primary  source 
of  such  national  data  for  the  Flight  Service  Facilities.  In  the 
Current  and  Near  Term  Model  1  systems,  this  data  is  received  by 
the  Flight  Service  Stations  over  Service  A  teletype  lines.  With 
the  adoption  of  NADIN  I,  NADIN  circuits  are  utilized  to  transmit 
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A/N  weather  and  aeronautical  data  to  and  ^fom  the  FSDPSs.  In 
the  Near  Term  Model  2  system,  the  data  will  be  transmitted  to 
and  from  the  AWP  via  NADIN  la. 

6.2.4  Aviation  Weather  Processor 

The  Aviation  Weather  Processor  is  introduced  in  the  Near  Term 
Model  2  system.  Two  AWPs  will  be  provided,  one  at  each  NADIN 
switch  location.  The  AWPs  receive  alphanumeric  weather  and 
aeronautical  information  from  the  WMSC  and  graphic  weather  from 
the  NWS  (i.e.,  AFOS  products).  They  redistribute  the  weather 
and  aeronautical  Information  to  the  Flight  Service  Data 
Processing  Systems  after  reformatting  and  expanding 
contractions  for  the  alphanumeric  data  base  to  be  used  in  pilot 
briefings.  A  plan  to  provide  WMSC  functions  at  the  two  AWP 
sites  is  being  developed.  The  Far  Term  system  shows  the 
resultant  configuration. 

6.2.5  Air  Traffic  Control  Command  Center  (ATCCC) 


In  the  Current  systems,  ATCCC  messages  are  received  at  the  FSSs 
over  the  Service  B  (or  ABDIS)  network.  In  the  Near  Term  Model 
1,  NADIN  provides  service  to  the  FSDPSs  (and  FSSs).  In  Model  2 
ATCCC  information  is  sent  to  the  AWP  via  NADIN  for  editing  and 
retransmission  to  the  Flight  Service  Data  Processing  System. 

6.2.6  Air  Route  Traffic  Control  Center  (ARTCC) 


In  the  Current  system,  Service  B  is  used  to  send  IFR  flight 
plans  to  departure  ARTCCs  and  to  send  VFR  flight  plans  to 
departure  and  destination  Flight  Service  Stations.  In  the  Near 
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Term  and  Far  Term,  NADIN  communications  will  be  utilized  in  a 
similar  fashion.  Requirements  for  support  to  the  Center  Weather 
Service  Unit  (CWSU)  are  being  developed.  If  provided  through  an 
automated  interface  to  the  FSDPS/AWP  such  support  will  require 
additional  functions  and  interfaces  at  Flight  Service  Facilities. 


6.2.7  Pilot 


The  pilot  and  air  crews  are  the  users  of  the  Flight  Service 
Facilities.  As  such,  information  related  to  any  of  the 
functions  described  may  be  passed  to  the  pilot  in  the  form  of 
weather  briefings,  flight  plan  handling  and  emergency  services. 
In  the  Current  and  Near  Term  Model  1  systems,  the  pilot  is 
.cnnected  to  the  Flight  Service  Station  via  telephone,  radio  or 
face-to-face  contact.  In  Model  2,  the  pilot  is  able  to  use  the 
system  directly  by  means  of  user  terminals  in  addition  to  the 
support  from  the  Flight  Service  Specialist.  Also,  the  pilot  is 
a  source  of  information  about  current  weather  conditions  which 
enter  the  system  as  PIREPs.  In  the  Far  Term,  additional  direct 
support  to  the  pilot  is  provided  by  the  Integrated  Voice 
Response  Systems  and  the  utilization  of  Voice  Recognition 
capabilities. 

6.2.8  Tower  Cab 


Throughout  the  time  periods  covered  in  this  report,  there  is  a 
voice  connection  between  the  Flight  Service  Station  system  and 
the  Tower  Cab  for  the  exchange  of  information  on  airport 
conditioiis  and  local  weather  condition  and  forecasts. 
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6.2.9  Weather  Radar  Surveillance  Site 


In  the  Current  system,  weather  radar  images  are  available  in  a 
limited  number  of  FSSs.  In  the  Near  Term  Model  1  time  period, 
digitized  weather  radar  will  be  available  at  the  44  En  Route 
Flight  Advisory  Service  (EFAS)  positions  from  either  selected 
FAA  ARSR  radars  or  from  NWS  WSR-57  radars.  For  Model  2,  digital 
weather  radar  from  up  to  13  radars  will  be  available  from  Remote 
Radar  Weather  Display  Subsystem  digitizers.  This  will  be 
displayed  to  the  specialist  by  request.  Each  FSDPS  will  store  a 
weather  radar  image  for  all  digitizer-equipped  radars  (with  a 
maximum  of  13)  within  the  FSDPS  boundaries  plus  150  nautical 
miles.  In  the  Far  Term,  the  Next  Generation  Weather  Radar 
(NEXRAD)  program  is  expected  to  result  in  new  improved  weather 
capabilities. 

6.3  Flight  Service  Facilities  Tentative  Implementation  Schedule 

Figure  6-14  shows  a  tentative  implementation  schedule  derived 
from  Reference  6-1,  6-2  and  other  sources.  The  completion  of 
proposal  requests,  governmental  reivew  processes,  and  the 
negotiation  of  contracts  to  develop  and  implement  the  required 
capabilities  may  modify  these  schedules.  The  Near  Term  system. 
Model  1,  begins  the  process  of  automating  Flight  Service 
Stations  with  emphasis  on  automated  support  to  the  specialist 
both  for  the  entry  and  retrieval  of  Information  and  for 
automated  data  base  maintenance.  In  Model  2  and  Model  3, 
automation  of  specialist  support  is  extended  by  the  provision  of 
more  extensive  and  selective  retrieval  capabilities,  improved 
graphics  and  Improved  displays  and  terminals.  Direct  support  to 
the  pilot  provides  for  access  to  the  system  utilizing  the  Direct 
User  Access  Terminal  (DUAT)  or  via  telephone  to  the  Voice 
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Response  System  (VRS).  The  analysis  and  development  of  Voice 
Response  capabilities  and  Voice  Recognition  features  Is 
proceeding  Independent  of  specific  automation  models,  e.g., 

Voice  Response  capabilities  are  being  developed  for  separate 
implementation  as  soon  as  possible.  Possible  changes  in  or 
extensions  to  schedules  are  indicated  by  the  broken  bars.  Data 
base  maintenance  is  further  automated  in  the  Model  2  with  the 
provision  of  the  Aviation  Weather  Processors  (AWPs)  which  also 
develop  the  pilot  oriented  data  base  in  which  weather  and 
aeronautical  messages  are  reformatted  and  contractions  are 
expanded  for  improved  understandabiliy.  For  the  Near  Term 
system,  some  14  FSDPSs  will  be  installed  and  will  support  a 
total  number  of  AFSSs  expected  to  be  41,  These  installations 
will  cover  a  period  of  months.  Similarly,  Model  2  installation, 
well  underway  in  the  near  term,  is  not  completed  until  the  far 
term  with  the  consolidation  of  all  FSSs  into  61  AFSSf.  and  23 
FSDPSs  requiring  the  upgrading  of  hardware  in  the  existing  Model 
1  FSDPSs  and  9  new  installations.  It  is  anticipated  that  once 
Model  2  has  been  completely  installed,  Model  3  enhancements  can 
be  released  as  they  become  available. 

6.4  Flight  Service  Interface  Planning  Summary 

In  the  preparation  of  this  chapter  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
implemented,  when  they  would  be  implemented,  how  they  would 
function  at  a  Flight  Service  Facility,  and  how  they  would 
interact  with  other  facilities.  This  section  identifies 
assumptions  and  areas  of  uncertainty  by  what  are  called  "System 
Integration  Issues." 


The  Integration  Issues  cited  below  were  identified  during  the 
preparation  of  this  document  and  were  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  these  issues  was 
undertaken  by  a  joint  System  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issues  and  assumptions 
stated  below  were  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  early  December  1980.  The 
Reader  is  cautioned  to  check  for  recent  changes  in  the  status  of 
these  issues  before  forming  any  final  conclusions.  The 
Integration  issue  assumptions  pertinent  to  Flight  Service 
facilities  are: 

Issue  602:  AWP-WMSC  Combined  Function 


This  presentation  of  Flight  Service  Facilities  assumes  that  a 
consolidated  facility  to  perform  combined  AWP-WMSC  functions 
will  be  Implemented  in  the  Far  Term.  Such  a  plan  is  being 
considered  by  AAF-400.  The  current  Flight  Service  Automation 
System  program  for  implementing  Model  II  does  not,  however, 
include  the  combined  AWP-WMSC  function  nor  does  NADIN  planning. 

Issue  604:  VSCS  Support  to  AFSSs 

The  assumption  is  that  VSCS  will  provide  voice  communications 
(radio  and  ground/ground)  for  the  proposed  61  consolidated 
AFSSs,  however,  the  VSCS  program  is  proceeding  slowly  with  the 
FSS  portion  currently  scheduled  for  the  second  Technical  Data 
Package.  The  problem  is  further  complicated  by  the  uncertainty 
about  the  amount  and  kind  of  consolidation  to  be  carried  out  for 
the  AFSSs,  and  the  time  phasing  of  the  consolidations.  VSCS 
contract  award  is  planned  in  early  1982  with  late  1983 
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delivery.  Since  the  AFSS  schedule  precedes  this  schedule, 
interim  communications  must  be  provided  for  the  first  12  to  15 
AFSSs.  VSCS  will  be  implemented  in  these  sites  following  the 
implementation  of  the  other  AFSSs. 

Issue  605:  FSS-DABS  Data  Link  Utilization 


It  is  assumed  that  no  capability  for  pilot  utilization  of  DABS 
data  link  to  the  FSDPS/AFSS  will  be  implemented  in  the 
foreseeable  future.  The  utilization  of  Data  Link  for  automated 
communications  between  aircraft  and  FSDPS/AFSS  may  be  desireable 
(e.g.  Flight  Plan  filing,  flight  following,  weather  data  base 
access).  Specific  requirements  and  how  they  might  be  satisfied 
are  undefined.  Cost/benefit  analysis  of  possible  capabilities 
have  not  been  done. 

Issue  606:  Voice  communications  Equipment  for  Non-Automated  FSSs 

The  VSCS  program,  as  presently  structured,  will  not  provide 
radio  or  ground/ground  voice  communications  equipment  for  the 
non-automated  FSSs.  It  is  assumed  that,  in  accordance  with  the 
VSCS  specification,  VSCS  will  provide  non-automated  FSSs  the 
capability  to  remote  both  existing  radio  and  ground/ground  voice 
communications  facilities  back  to  an  associated  AFSS  and  allow 
part-timing  operation  at  the  non-automated  FSS. 

Issue  607:  Part-Time  Use  of  Non-Automated  FSSs 


The  current  VSCS  specification  requires  and  this  description  of 
Voice  Communications  Facilities  assumes  that  both  radio  and 
ground/ground  voice  communications  equipment  and  support  will  be 
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provided  to  AFSSs  to  permit  part-time  operation  of  non-automated 
FSSs.  However,  operators  of  the  Flight  Service  Stations  have 
expresses  reservations  with  regard  to  the  projected  cost  savings 
which  may  be  achieved  from  part-timing. 
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7.  SURVEILLANCE  FACILITIES 


This  chapter  describes  the  system  improvements  planned  for  the 
Surveillance  Facilities  and  the  interfaces  with  other  ATC 
facilities  for  Current,  Near  Term  and  Far  Term  time  periods. 

The  ATC  facilities  and  time  periods  are  defined  in  Chapter  1. 

The  description  in  this  chapter  include  the  facilities  that 
provide  surveillance  information  on  aircraft  and  the  weather  for 
use  by  the  en  route  and  terminal  ATC  facilities.  The  use  of 
search  radars  (ASRs,  ARSRs)  and  beacon  systems  (ATCRBS,  DABS)  to 
provide  surveillance  information  is  discussed  as  well  as 
surveillance  data  preprocessing  performed  at  the  surveillance 
sites.  In  addition,  the  utilization  of  separate  three 
dimensional  weather  radars  to  provide  weather  data  is 
discussed.  And  since  the  Automatic  Traffic  Advisory  and 
Resolution  Service  (ATARS),  the  DABS  Data  Link  and  the  Beacon 
Collision  Avoidance  System  (BCAS)  have  elements  associated  with 
the  ground  surveillance  sites,  they  are  also  discussed  in  this 
chapter. 

First,  the  anticipated  Near  Term  and  Far  Term  improvements  for 
the  en  route  surveillance  sites  are  described  in  Section  7.1. 
Then,  a  similar  description  of  terminal  surveillance  site 
improvements  is  presented  in  Section  7.2.  This,  in  turn,  is 
followed  in  Section  7.3  by  a  summary  of  the  major  assumptions 
that  were  made  with  regard  to  Surveillance  Facilities. 

See  Chapter  4,  Tower  Facilities,  for  a  discussion  of  Airport 
Surface  Detection  Equipment  (ASDE).  ASDE  is  a  surface  search 
radar  that  is  used  to  locate  aircraft  on  an  airport’s  surface 
when  the  visibility  conditions  are  poor. 
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7.1  En  Route  Surveillance  Sites 


This  section  briefly  summarizes  the  functions  currently 
performed  at  a  typical  en  route  surveillance  site,  describes  the 
anticipated  Near  Term  and  Far  Term  improvements,  and  briefly 
discusses  the  tentative  time  phasing  of  these  improvements. 

7.1.1  Current  En  Route  Surveillance  Site  Functions 


Table  7-1  lists  the  major  functions  currently  performed  at  a 
typical  en  route  surveillance  site.  The  en  route  search  radar, 
also  referred  to  as  a  Long  Range  Radar  (LRR)  or  as  an  Air  Route 
Surveillance  Radar  (ARSR),  depends  solely  upon  electromagnetic 
reflections  for  its  surveillance  information.  Each  ARSR  has  a 
directional  antenna  which  rotates  360°  every  10  to  12  seconds 
while  the  ARSR  transmits  a  stream  of  L  band  pulses  and  detects 
and  processes  the  L  band  returns.  Included  in  this  processing 
is  the  utilization  of  Moving  Target  Indicator  (MTI)  circuitry  to 
detect  moving  targets  and  suppress  background  clutter  due  to 
electromagnetic  reflections  from  the  surrounding  terrain. 

The  Beacon  Interrogator,  also  referred  to  as  an  Air  Traffic 
Control  Beacon  Interrogator  or  ATCBI,  has  a  directional  antenna 
which  rotates  with  the  ARSR  antenna  on  the  same  pedestal.  The 
ATCBI  interrogates  an  aircraft's  ATCRBS  transponder  to  obtain 
azimuth,  range,  altitude  and  identity  information  from  the 
transponder's  reply. 
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Surveillance  data  preprocessing  is  performed  by  the  Common 
Digitizer  (CD)  which: 


•  Converts  the  broadband  (video)  surveillance  information 
from  the  ARSR  and  the  ATCBI  into  digital  data; 

•  Combines  the  numerous  replies  received  from  each 
aircraft  during  a  single  antenna  scan;  and 

•  Merges  the  combined  ARSR  search  data  on  each  aircraft 
with  the  combined  ATCBI  data  to  produce  a  single  target 
report  (range,  azimuth,  altitude  and  identity)  on  each 
aircraft  for  each  antenna  scan. 

The  Weather  Fixed  Map  Unit  (WFMU)  converts  the  broadband  ARSR 
weather  (precipitation)  information  into  digital  data  defining 
two  precipitation  levels  (low  and  high).  The  digitized  aircraft 
target  reports  and  the  weather  data  are  combined  in  the  CD  and 
sent  to  the  ARTCC  over  telephone  lines  as  narrowband  (digital) 
data.  As  a  backup,  broadband  (video)  data  is  sent  over  a  Radar 
Microwave  Link  (RML)  to  the  ARTCC. 

7. 1 .2  Near  Term  En  Route  Surveillance  Site  Improvements 


As  shown  in  Table  7-2  and  Figures  7-1,  7-2  and  7-3,  two 
significant  improvements  are  anticipated  in  the  Near  Term. 

Dual  Common  Digitizer  (CD-2) 

The  Common  Digitizer  will  be  replaced  with  a  Dual  Common 
Digitizer  (CD-2)  to  improve  site  reliability,  since  the  CD  is 
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FIGURE  7-1 

CURRENT  EN  ROUTE  SURVEILLANCE  SITE  FACILITIES 
INFORMATION  FLOW  DIAGRAM 


Near  Term  En  Route  Surveillance  Sit 
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PAR  TERM  EN  ROUTE  SURVEILLANCE  SITE  FACILITIES 
INFORMATION  FLOW  DIAGRAM 


not  redundant  at  the  present  time.  This  change  will  also  permit 
the  replacement  of  the  WFMU  with  circuitry  within  the  CD-2  to 
improve  the  accuracy  of  the  digitized  weather  data  by  correcting 
for  range  in  the  weather  calibration  based  on  the  Sensitivity 
Time  Control  (STC)  curves.  The  weather  data  will  be  forwarded 
to  the  ARTCCs  and  some  FSSs  or  AFSSs. 

Beacon  Collision  Avoidance  System  (BCAS) 

Another  Near  Term  improvement  that  is  indirectly  related  to 
Surveillance  Facilities  is  BCAS,  which  will  interface  with  other 
potential  surveillance  improvements  such  as  DABS  and  ATARS. 

BCAS  is  an  airborne  collision  avoidance  system  that  interrogates 
ATCRBS  and  DABS  transponders  in  the  vicinity  of  the 
BCAS-equipped  aircraft.  If  the  BCAS  system  determines  that 
there  is  a  potential  conflict  with  another  aircraft,  it  will 
alert  the  pilot  to  the  hazardous  situation.  See  Chapter  3  for  a 
more  detailed  discussion  of  BCAS. 

7.1.3  Far  Term  En  Route  Surveillance  Site  Improvements 

In  the  Far  Term,  five  significant  improvements  are  tentatively 
being  considered  by  the  FAA. 

Moving  Target  Detector  (MTD) 

The  FAA  is  considering  the  replacement  of  existing  MTI  circuitry 
with  an  MTD  (Reference  7-1)  on  all  ARSR-3s  in  order  to  improve 
the  detection  of  aircraft  in  the  presence  of  clutter.  This,  in 
turn,  would  improve  the  quality  of  the  surveillance  data  sent  to 
the  associated  ARTCCs. 
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In  addition  to  suppressing  clutter  due  to  terrain,  which  is  also 
suppressed  by  the  MTI,  the  MTD  would  also  suppress  clutter  due 
to  the  weather.  It  is  estimated  that  the  MTD  would  provide 
approximately  a  20  dB  Improvement  in  the  detection  of  aircraft 
in  heavy  clutter  in  comparison  with  an  MTI.  This  improvement  is 
important  not  only  for  tracking  aircraft  that  are  unequipped 
with  an  ATCRBS  transponder,  but  also  for  tracking  aircraft  with 
transponders  that  are  temporarily  not  replying  to  beacon 
interrogations,  e.g.,  due  to  aircraft  shielding  while  the 
aircraft  are  turning. 

The  MTD  would  also  be  capable  of  detecting  aircraft  at  or  near 
zero  radial  velocity,  when  they  are  flying  perpendicular  to  the 
radar  line  of  sight. 

ARSR-4 

The  FAA  is  considering  replacing  vacuum  tube  ARSR  -Is,  -2s  with 
solid  state  ARSR-4s  and  thereby  improving  equipment  reliability 
and  maintainability.  The  planned  ARSR-4  design  includes  RMM,  a 
separate  weather  channel,  and  MTD  instead  of  MTI. 

ARSR  Weather  Channel 

ARSRs  are  currently  optimized  for  target  detection  through  the 
use  of  circular  polarization  and  the  selection  of  the 
appropriate  STC  curve.  These  techniques  minimize  the  capability 
to  detect  weather.  In  order  to  provide  improved  weather 
information,  the  FAA  is  considering  the  use  of  a  second  ARSR  L 
band  receiver  channel  on  ARSR-3s  and  -4s  to  optimize  the 
detection  of  precipitation  by  using  linear  polarization  and 
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selecting  a  STC  that  is  more  appropriate  for  weather  detection. 
The  detected  precipitation  information  would  be  quantized  by  the 
MTD  and  the  resultant  digital  data  sent  to  the  associated  ARTCC 
and  FSS  or  Flight  Service  Data  Processing  System  (FSDPS).  In 
addition  to  improved  detection  of  aircraft  in  heavy  clutter,  one 
of  the  attributes  of  the  MTD  is  the  ability  to  separate  ground 
clutter  from  weather  clutter,  thus,  providing  improved  weather 
data  from  the  weather  receiver. 

Next  Generation  Weather  Radar  (NEXRAD) 

At  the  present  time,  a  network  of  80  radars  located  across  the 
conterminous  United  States  is  used  to  provide  weather 
Information  to  the  National  Weather  Service  (NWS). 

56  National  Weather  Service  (NWS)  weather  radars 
2  USAF  Air  Weather  Service  (AWS)  weather  radars 
22_  FAA  ARSRs 
80 

The  NWS  weather  radars  cover  the  U.S.  east  of  the  Rocky 
Mountains  and  at  scattered  locations  in  the  West.  The  ARSRs 
that  provide  weather  information  to  NWS  are  located  in  the 
West.  Digitized  2D  weather  information  is  currently  being  sent 
from  the  NWS  weather  radars  to  nearby  ARTCCs  and  some  FSSs.  The 
useful  range  of  each  NWS  weather  radar  for  ATC  use  is  about  125 
nm.  Beyond  that,  the  curvature  of  the  earth  prevents  good  low 
altitude  coverage.  In  addition  to  the  weather  radars  in  the 
network,  65  NWS  weather  radars  and  84  DOD  weather  radars  are 
being  used  to  provide  local  weather  information. 
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Due  to  their  age,  the  NWS  and  AWS  are  planning  to  replace  the 
network  weather  radars  and  some  of  the  local  weather  radars  with 
NEXRADs  during  the  1980s  (Reference  7-2).  The  ARSRs  would  be 
used  to  supplement  NEXRAD  as  far  as  network  weather  information 
i s  concerned. 

NEXRAD  would  probably  utilize  a  pencil  beam  antenna  to  obtain 
three-dimensional  weather  (precipitation)  information,  and 
digital  doppler  processing  to  automatically  detect  turbulence 
and  forecast  its  movement  10  to  20  minutes  into  the  future. 

Only  turbulence  associated  with  precipitation  may  be  detected  - 
clear  air  turbulence  would  not. 

Remote  Maintenance  Monitor  System  (RMMS) 

RMMS  will  be  installed  at  each  site  to  monitor  the  performance 
of  the  site  equipment  and  to  forward  this  information  to  the 
associated  ARTCC  (see  Chapter  2  for  a  discussion  of  RMMS). 

7.1.4  Potential  and  Longer  Range  Improvements  for  En  Route 
Surveillance  Sites 


Beyond  these  anticipated  Far  Term  improvements,  the  FAA  is 
tentatively  exploring  the  use  of  the  Discrete  Address  Beacon 
System  (DABS)  and  the  Automatic  Traffic  Advisory  and  Resolution 
Service  (ATARS)  at  en  route  surveillance  sites.  Both  DABS  and 
ATARS  are  discussed  in  Section  7.2.3. 

7.1.5  En  Route  Surveillance  Site  System  Connectivity 

Connectivity  diagrams  specify  the  kinds  of  messages  sent  between 
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ATC  facilities,  and  the  communications  media  used  (e.g., 
directly  wired,  digital  data  channel,  teletypewriter  channel, 
etc.)  Figures  7-4,  7-5,  and  7-6  illustrate  the  current 
connections  between  an  en  route  surveillance  site  and  other  ATC 
facilities,  and  the  anticipated  changes  in  these  connections  due 
to  the  Near  Term  and  Far  Term  improvements. 

There  are  no  significant  changes  in  connectivity  in  the  Near 
Term.  In  the  Far  Term,  two  changes  may  be  made: 

•  After  the  CD-2s  are  installed  at  the  en  route 
surveillance  sites  and  the  Direct  Access  Radar  Channels 
(DARCs)  are  installed  at  the  ARTCCs,  the  backup 
broadband  surveillance  data  may  be  eliminated,  if  the 
digital  weather  data  is  considered  to  be  acceptable. 

•  A  separate  NEXRAD  radar  network  might  replace  the  ARSRs 
as  the  primary  source  of  weather  surveillance  data  for 
the  ARTCCs. 

7.1.6  En  Route  Surveillance  Improvements  Tentative 
Implementation  Schedule 

A  tentative  implementation  schedule  for  the  en  route 
surveillance  improvements  is  given  in  Figure  7-7.  It  should  be 
emphasized  that  this  schedule  may  change  in  the  future  depending 
upon  the  need  and  progress  of  the  individual  improvements. 

Implementation  Information  on  some  of  these  improvements  was 
obtained  from  preliminary  budgetary  information.  Information  on 
the  remaining  improvements  is  based  upon  discussions  with  the 
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FIGURE  7-4 

CURRENT  EN  ROUTE  SURVEILLANCE  SITE  CONNECTIVITY 
DIAGRAM 
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NOTE:  Changes  from  the  Near  Term  system  to  the 
Far  Term  are  indicated  in  'ial’r's. 
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FIGURE  7-8 

FAR  TERM  EN  ROUTE  SURVEILLANCE  SITE 
CONNECTIVITY  DIAGRAM 
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TENTATIVE  IMPLEMENTATION  SCHEDULE 


FAA  program  managers  involved  with  these  projects.  At  the 
present  time,  the  only  firm  implementation  plans  for  any  of  the 
anticipated  en  route  surveillance  improvements  are  those  for  the 
Dual  Common  Digitizer  (CD-2). 

7.2  Terminal  Surveillance  Sites 


This  section  briefly  summarizes  the  functions  currently 
performed  at  a  typical  terminal  surveillance  site  and  the 
anticipated  Near  Term  and  Far  Term  improvements.  Where  there  is 
a  similarity  between  the  en  route  and  terminal  surveillance  site 
improvements,  a  less  detailed  description  of  the  terminal  site 
improvements  is  presented. 

7.2.1  Current  Terminal  Surveillance  Site  Functions 


Table  7-3  lists  the  major  functions  currently  performed  at  a 
terminal  surveillance  site.  The  Search  Radar,  also  referred  to 
as  an  Airport  Surveillance  Radar  or  ASR,  depends  solely  upon 
.  electromagnetic  reflections  for  its  surveillance  information. 
Each  ASR  has  a  directional  antenna  which  rotates  360°  every  4 
to  5  seconds  while  the  ASR  transmits  a  stream  of  S  band  pulses 
and  detects  the  S  band  returns.  Included  is  the  utilization  of 
MTI  circuitry  to  detect  moving  targets  and  suppress  background 
clutter  due  to  electromagnetic  reflections  from  the  surrounding 
terrain.  The  resultant  video  is  sent  to  the  associated  TRACON 
or  TRACAB . 

The  Beacon  Interrogator  (ATCBI)  has  a  directional  antenna  which 
rotates  with  the  ASR's  antenna  on  the  same  pedestal.  The  ATCBI 
interrogates  an  aircraft's  ATCRBS  transponder  and  forwards  the 
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transponder's  reply  to  the  TRACON  or  TRACAB  as  beacon  video 
information.  A  Defruiter  is  used  at  the  surveillance  site  to 
remove  "fruit”  from  the  reply,  i.e.,  interference  resulting  from 
transponder  replies  to  other  beacon  interrogators  in  the  area. 
The  defruited  beacon  video  is  also  sent  to  the  TRACON  or  TRACAB 
for  further  processing. 

7.2.2  Near  Term  Terminal  Surveillance  Site  Improvements 

As  shown  in  Table  7-4  and  Figures  7-8,  7-9,  and  7-10,  two 
significant  improvements  are  anticipated  in  the  Near  Term  at 
terminal  surveillance  sites  associated  with  ARTS  IIIA  TRACONs. 

It  has  been  assumed  in  this  report  that  these  improvements  will 
also  be  made  at  ARTS  II  terminal  surveillance  sites  eventually. 

Beacon  Collision  Avoidance  System  (BCAS) 

This  improvement  has  previously  been  described  in  Section  7.1.2 
and  Chapter  2. 

Radar  Beacon  Transponder  (RBX) 

RBXs  will  be  used  at  some  airports  to  desensitize  BCAS  systems 
in  the  vicinity  of  the  airport  as  a  function  of  distance  and 
altitude.  The  closer  the  BCAS-equipped  aircraft  is  to  the 
runway,  the  greater  the  desensitization  will  be.  The  TRACON 
will  be  able  to  change  the  desensltlzatlon  parameters  by  sending 
commands  to  the  RBX. 

In  addition  to  desensitizing  the  aircraft,  the  RBX  will  also 
forward  to  the  TRACON  any  BCAS  advisories  issued  to  a  pilot.  If 
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IIIA  primary  airports,  including  the  possible  detection  of  wind 
shear  along  the  approach  path,  if  the  wind  shear  is  associated 
with  precipitation.  The  information  would  also  be  sent  to  the 
Tower  Cab  where  it  would  be  used  by  the  air  traffic  controllers 
to  alert  the  pilots  attempting  to  land  at  the  airport. 

Discrete  Address  Beacon  System  (DABS) 

DABS  would  further  improve  the  beacon  system  beyond  the 
capabilities  of  ATCRBS  by  allowing  a  beacon  interrogator  to 
discretely  address  aircraft  equipped  with  a  DABS  transponder, 
and  by  using  monopulse  techniques  to  reduce  the  number  of  beacon 
interrogations  per  scan  (Reference  7-3).  These  improvements,  ijn 
turn,  would  permit  an  increase  in  beacon  surveillance  capacity 
and  reduce  interference. 

The  fundamental  difference  between  ATCRBS  and  DABS  is  the  manner 
of  selecting  which  aircraft  responds  to  an  interrogation. 

ATCRBS  interrogates  all  aircraft  within  coverage  of  the  main 
beam  of  the  beacon  interrogator's  directional  antenna,  while 
DABS  interrogates  each  aircraft  individually.  After 
acquisition,  selection  of  which  aircraft  responds  to  a  DABS 
interrogation  would  be  accomplished  by  including  the  aircraft's  ’ 
address  in  the  interrogation.  Directional  antennas  would 
continue  to  be  used  by  the  DABS  interrogators  in  order  to 
minimize  interference  between  DABS  sites  and  to  determine  the 
aircraft's  azimuth.  The  discrete  address  capability  of  DABS 
would  also  provide  the  means  for  a  ground  to  air  to  ground 
digital  data  link. 

Since  the  Implementation  of  DABS  ground  sites  and  the 
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a  DABS/ATARS  system  is  installed  at  the  airport,  the  DABS  will 
take  over  the  RBX  functions.  (See  3. 1.4. 2  for  a  more  complete 
description  of  RBX) 

7.2.3  Far  Term  Terminal  Surveillance  Site  Improvements 

In  the  Far  Term,  seven  significant  improvements  are  tentatively 
being  considered  by  the  FAA. 

Moving  Target  Detector  (MTD) 

The  FAA  is  considering  replacing  the  MTI  circuitry  in  the 
ASR-7s,  -8s  with  MTDs. 

ASR-9 


The  FAA  is  considering  replacing  the  vacuum  tube  ASR-4,  -5,  -6 
with  the  solid  state  ASR-9  and  thereby  improving  equipment 
reliability  and  maintainability.  The  ASR-9  would  probably  have 
MTD  Instead  of  MTI,  and  will  include  a  separate  weather  channel. 

ASR  Weather  Channel 


This  improvement  would  be  similar  to  the  ARSR  Weather  Channel, 
except  tha.  it  would  be  an  S  band  receiver  instead  of  L  band, 
and  the  information  would  be  sent  to  a  TRACON  instead  of  an 
ARTCC. 

Next  Generation  Weather  Radar  (NEXRAD) 


The  NEXRAD  may  provide  terminal  weather  information  at  some  ARTS 
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IIIA  primary  airports,  including  the  possible  detection  of  wind 
shear  along  the  approach  path,  if  the  wind  shear  is  associated 
with  precipitation.  The  information  would  also  be  sent  to  the 
Tower  Cab  where  it  would  be  used  by  the  air  traffic  controllers 
to  alert  the  pilots  attempting  to  land  at  the  airport. 

Discrete  Address  Beacon  System  (DABS) 

DABS  would  further  improve  the  beacon  system  beyond  the 
capabilities  of  ATCRBS  by  allowing  a  beacon  interrogator  to 
discretely  address  aircraft  equipped  with  a  DABS  transponder, 
and  by  using  monopulse  techniques  to  reduce  the  number  of  beacon 
interrogations  per  scan  (Reference  7-3).  These  improvements,  i#n 
turn,  would  permit  an  Increase  in  beacon  surveillance  capacity 
and  reduce  interference. 

The  fundamental  difference  between  ATCRBS  and  DABS  is  the  manner 
of  selecting  which  aircraft  responds  to  an  interrogation. 

ATCRBS  Interrogates  all  aircraft  within  coverage  of  the  main 
beam  of  the  beacon  interrogator's  directional  antenna,  while 
DABS  interrogates  each  aircraft  individually.  After 
acquisition,  selection  of  which  aircraft  responds  to  a  DABS 
interrogation  would  be  accomplished  by  including  the  aircraft's 
address  in  the  interrogation.  Directional  antennas  would 
continue  to  be  used  by  the  DABS  interrogators  in  order  to 
minimize  interference  between  DABS  sites  and  to  determine  the 
aircraft's  azimuth.  The  discrete  address  capability  of  DABS 
would  also  provide  the  means  for  a  ground  to  air  to  ground 
digital  data  link. 

Since  the  implementation  of  DABS  ground  site9  and  the 


installation  of  DABS  transponders  on  aircraft  would  be  expected 
to  occur  over  a  period  of  many  years,  the  DABS  equipment  would 
be  designed  to  be  compatible  with  the  existing  ATCRBS 
equipment.  Thus,  DABS  interrogators  would  be  able  to 
interrogate  ATCRBS  transponders,  and  DABS  transponders  would  be 
able  to  respond  to  ATCRBS  interrogators. 

Due  to  the  relatively  early  stage  of  DABS  implementation 
planning  at  the  present  time,  there  are  still  an  number  of 
issues  to  be  resolved.  Therefore,  for  this  description  of  the 
ATC  system,  the  following  assumptions  have  been  made: 

•  The  terminal  surveillance  sites  with  a  DABS  capability 
would  have  a  range  of  60  nautical  miles  and  a  scan  rate 
of  4  to  5  seconds. 

•  The  terminal  surveillance  sites  with  DABS  would  also 
have  an  ATARS  capability. 

•  DABS  and  ATARS  Coordination  Messages  would  be  sent  to 
adjoining  DABS  sites.  The  DABS  Coordination  Messages 
would  be  used  to  coordinate  coverage  between  adjacent 
sites.  The  ATARS  Coordination  Messages  would  be  used  to 
coordinate  advisories  to  aircraft  involved  in  conflicts 
near  an  ATARS  boundary,  and  to  initiate  backup  ATARS 
services  to  the  extent  possible  from  adjacent  sites, 
when  the  primary  ATARS  site  is  not  available. 

•  DABS  surveillance  data  and  ATARS  controller  advisory 
messages  may  be  sent  from  the  terminal  surveillance 
sites  to  the  associated  ARTCCs  at  some  locations. 
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Each  DABS  site  would  consist  of:  an  ATCRBS/DABS  Interrogator, 
an  ATCRBS/DABS  Monopulse  Receiver,  and  a  DABS  Processor.  The 
ATARS  capability  would  be  added  by  installing  software  in  the 
DABS  Processor. 

The  ATCRBS/DABS  Interrogator  would  transmit  ATCRBS  and  DABS 
interrogations  to  the  aircraft,  and  the  replies  would  be 
detected  by  the  monopulse  receiver.  The  DABS  Processor  would 
process  these  replies  and  estimate  the  location  of  each  aircraft 
based  upon  a  single  transponder  reply  per  scan  for  DABS  and  only 
four  replies  per  scan  for  ATCRBS.  Thus,  the  number  of  beacon 
transponder  interrogations  would  be  reduced  in  comparison  with 
the  current  beacon  system. 

In  addition,  the  DABS  Processor  would  also:  control  the  beacon 
interrogation  modes  of  each  site;  control  the  data  link  message 
flow  to  and  from  the  ATC  facility  and  the  aircraft;  generate 
target  reports  (range,  azimuth,  altitude,  and  identity)  on  each 
aircraft  for  each  antenna  scan;  correlate  the  target  reports 
with  reports  from  previous  scans;  and  forward  this  surveillance 
data  to  the  ATC  facility. 

Automatic  Traffic  Advisory  and  Resolution  Service 
(ATARS) 


As  described  in  Chapters  2  and  3,  the  FAA  has  installed  or  is 
planning  to  install  Conflict  Alert  software  at  the  ARTCCs,  and 
ARTS  II,  and  ARTS  III  TRACONs.  This  software  is  used  to  advise 
the  controller  about  potential  conflicts,  and  thus  prevent 
midair  collisions  involving  aircraft  that  are:  in  radio  contact 
with  an  air  traffic  controller,  equipped  with  an  altitude 
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reporting  (Mode  C)  ATCRBS  transponder,  and  within  coverage  of  a 
beacon  interrogator.  The  software  processes  the  surveillance 
data  and  alerts  the  air  traffic  controller  who,  in  turn,  alerts 
the  pilot. 

As  an  eventual  improvement  to  this  service,  the  FAA  may  install 
ATARS  software  (Reference  7-3)  at  en  route  and  terminal  DABS 
sites.  This  software  would  automatically  generate  advisories  to 
all  pilots  in  aircraft  equipped  with  a  DABS  transponder  and  an 
ATARS  display  (not  just  aircraft  in  contact  with  the  ATC 
system).  ATCRBS,  DABS  and  ASR  surveillance  information  would  be 
used  by  the  ATARS  software  to  determine  potential  conflicts 
between  aircraft.  If  a  potential  conflict  was  detected,  then 
the  DABS  data  link  would  be  used  to  send  the  appropriate 
advisories  to  the  pilot(s)  to  resolve  the  conflict. 


ATARS  is  viewed  as  a  service  that  would  be  provided  in  the  later 
stages  of  an  aircraft  conflict  and,  thus,  its  warning  times 
would  be  less  than  the  warning  times  associated  with  the 
Conflict  Alert  algorithms.  Since  the  maneuvers  of  aircraft 
responding  to  ATARS  advisories  might  disrupt  the  orderly  flow  of 
IFR  traffic,  the  ATARS  messages  would  also  be  sent  to  the 
associated  ARTCC  or  ARTS  II  or  IIIA  TRACON  to  inform  the 
controllers. 


Besides  preventing  potential  midair  collisions,  ATARS  would  also 
be  used  to  generate  pilot  advisories  to  avoid  possible 
collisions  with  the  terrain  or  obstacles,  and  violations  of 
restricted  airspace  such  as  Terminal  Control  Areas. 
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Remote  Maintenance  Monitor  System  (RMMS) 


RMMS  will  monitor  the  performance  of  the  equipment  at  each 
terminal  surveillance  site  and  forward  this  Information  to  the 
associated  maintenance  facility,  which  may  not  necessarily  be 
located  at  a  Tower  Cab. 

7.2.4  Potential  and  Longer  Range  Improvements  for  Terminal 
Surveillance  Sites 

Beyond  these  anticipated  Far  Term  Improvements,  the  FAA.  Is  also 
tentatively  exploring  the  use  of  Limited  Surveillance  Radars  and 
Terminal  Weather  Radars  as  potential  and  longer  range 
Improvements.  Limited  Surveillance  Radars  (LSRs)  are  search 
radars  that  may  be  used  at  some  airports  that  do  not  have  an 
existing  or  planned  ASR  nearby,  and  that  would  not  qualify  for 
one.  The  LSRs  would  have  less  capability  than  an  ASR,  and  a 
range  of  20  nm.  compared  to  60  nm.  for  the  ASR. 

FAA  Terminal  Weather  Radars  may  be  used  at  some  major  airports 
If  NEXRADs  are  not  installed  there.  They  would  be  used  to 
provide  local  weather  Information  for  the  TRACON  and  Tower  Cab, 
Including  wind  shear. 

7.2.5  Terminal  Surveillance  Site  System  Connectivity 

Figures  7-11,  7-12,  and  7-13  illustrate  the  current  connections 
between  a  terminal  surveillance  site  and  other  ATC  facilities 
and  the  changes  in  these  connections  due  to  the  anticipated  Near 
Term  and  Far  Term  improvements. 
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•  RBX  probably  vill  not  be  located  at  an 
airport  that  has  a  terminal  DABS  site.  ~~ 


FIGURE  7-12 

NEAR  TERM  TERMINAL  SURVEILLANCE  SITE  CONNECTIVITY  DIAGRAM 
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There  are  three  significant  changes  in  connectivity  when  the 
Near  Term  improvements  are  implemented. 


•  BCAS  messages  will  be  sent  via  the  RBX  to  the  aircraft. 

•  BCAS  desensitization  control  messages  will  be  sent  from 
the  TRACON  to  the  RBX. 

•  BCAS  controller  advisory  messages  may  be  sent  to  the 
TRACON  from  the  aircraft  via  the  RBX. 

In  the  Far  Term,  six  additional  changes  in  connectivity  may  be 
made. 

» 

•  Digitized  surveillance  data  will  be  sent  to  the  TRACON 
from  the  DABS  site. 

•  ATARS  advisories,  Enhanced  Terminal  Information  Service 
(ETIS)  messages,  BCAS  messages,  and  altimeter  correction 
advisories  may  be  sent  to  the  pilot  via  the  DABS  data 
link. 

•  ATARS  and  BCAS  controller  advisory,  track  alert,  and 
ATARS  recording  messages  may  be  sent  from  the  DABS  site 
to  the  TRACON;  and  aircraft  control  state,  ETIS  and 
altimeter  correction  messages  may  be  sent  from  the 
TRACON  to  the  DABS  site. 

•  Digitized  DABS  surveillance  data,  ATARS  and  BCAS 
controller  advisory  and  track  alert  messages  may  be  sent 
from  the  DABS  site  to  the  associated  ARTCC;  and  the 
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aircraft  control  state  message  may  be  sent  from  the 
ARTCC  to  the  DABS  site. 

•  DABS  and  ATARS  coordination  messages  may  be  sent  to  some 
adjacent  DABS  sites. 

•  Three  dimensional  weather  data,  including  turbulence  and 
wind  shear,  may  be  sent  from  the  NEXRAD  to  the  TRACON 
and  the  Tower  Cab. 

7.2.6  Terminal  Surveillance  Improvements  Tentative  Implementa¬ 
tion  Schedule 

A  tentative  implementation  schedule  for  the  terminal 
surveillance  improvements  is  given  in  Figure  7-14. 

Implementation  information  on  these  Improvements  is  based  upon 
data  supplied  by  the  FAA  program  managers  involved  with  these 
projects. 

7.3  Surveillance  Facilities  Interface  Planning  Summary 

In  the  preparation  of  this  chapter  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
Implemented,  when  they  would  be  implemented,  how  they  would 
function  at  a  Surveillance  Facility,  and  how  they  would  Interact 
with  other  facilities.  This  section  identifies  assumptions  and 
areas  of  uncertainty  by  what  are  called  "System  Integration 
Issues.” 

The  Integration  issues  cited  below  were  Identified  during  the 
preparation  of  this  document  and  were  reviewed  with  the 
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TENTATIVE  IMPLEMENTATION  SCHEDULE 


appropriate  FAA  program  managers.  Follow-up  on  these  issues  was 
undertaken  by  a  joint  Systems  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issues  and  assumptions 
stated  below  were  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  early  December  1980.  The 
reader  is  cautioned  to  check  for  recent  changes  in  the  status  of 
these  issues  before  forming  any  final  conclusions. 

The  intergration  issue  assumptions  pertinent  to  Surveillance 
Facilities  are: 

Broad  DABS,  ATARS  Assumptions 

Issue  202:  Use  of  DABS/ATARS  Data  by  En  Route  and  Terminal 
Automation  Facilities 


It  was  assumed  that  in  the  Far  Term,  ATARS  Advisories  and 
DABS  data  will  be  sent  from  Terminal  DABS  Sites  to  Terminal 
ATC  Facilities  and  to  some  adjacent  En  Route  ATC 
Facilities.  En  Route  DABS  Sites  will  be  implemented  as 
longer  range  improvements.  ATARS  Advisories  and  DABS  data 
will  be  sent  from  the  En  Route  DABS  Sites  to  En  Route  ATC 
Facilities.  En  Route  and  Terminal  Automation  Facilities 
will  display  received  advisories  to  their  controllers. 

Issue  212:  DABS  Maintenance  Concept 


It  was  assumed  that  Terminal  DABS  sites  will  have  a  Remote 
Maintenance  Monitor  System  (RMMS)  in  the  Far  Term. 
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Issue  706:  ATARS  Advisories  on  Non-Mode  C  Aircraft 


It  was  assumed  that  proximity  advisories  will  be  sent  to 
ATARS-equipped  aircraft  for  target  aircraft  that  are  Mode  A 
equipped  or  are  tracked  by  search  radar. 

Issue  702:  DABS/ATARS  Operational  Procedures  Description 

It  was  assumed  that  an  operational  procedures  description 
will  be  available  to  specify  the  needed  design  and 
implementation  features. 

Terminal  DABS,  ATARS  Assumptions 

Issue  326:  SRAP 


It  was  assumed  that  when  DABS  is  implemented  at  a  Terminal 
Surveillance  Facility  whose  search  radar  does  not  have  the 
Moving  Target  Detector  capability,  a  portion  of  SRAP 
(Sensor  Receiver  and  Processor)  will  be  installed  at  the 
Terminal  Surveillance  Facility  and  used  as  a  Radar  Data 
Acquisition  System  (RDAS)  to  provide  digitized  search  radar 
data  to  DABS.  The  SRAP  at  the  ARTS  site  will  be  removed 
since  ARTS  will  then  receive  digitized  search  data 
processed  by  DABS. 

Issue  710:  ASR-9s  at  ARTS  IIIA  Sites 


It  was  assumed  that  the  timing  of  the  installation  of  any 
ASR-9s  at  Terminal  Surveillance  Facilities  will  be 
independent  of  the  timing  of  DABS  implementation  at  those 
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facilities. 


Issue  711:  Reconstituted  Video  for  DABS,  Search  Radar 
(ARTS  IIIA) 


It  was  assumed  that  Video  Reconstitutors  will  be  used  at 
some  ARTS  IIIA  sites  to  convert  DABS  surveillance  data  for 
display  on  existing  ARTS  IIIA  time-shared  displays. 

Digital  displays  will  be  available  at  some  ARTS  sites  that 
receive  DABS  during  later  phases  of  the  DABS  implementation. 

Issue  302:  ARTS  II  -  DABS  Interface 


It  was  assumed  that  video  reconstitutors  will  be  used  to 
convert  digitized  surveillance  data  for  display  on  existing 
ARTS  II  time-shared  displays.  ARTS  II  software  to  utilize 
DABS  surveillance  data  will  be  developed  based  on  the  ARTS 
IIIA/DABS  interface  software. 

Issue  317:  ARTS  IIIA  Hardware  for  Use  with  DABS 


It  was  assumed  that  additional  processing,  storage  and 
communications  capabilities  will  be  provided  at  ARTS  IIIA 
locations  to  support  DABS. 

Issue  305:  ARTS  IIIA  Software  for  the  DABS  Era 


It  was  assumed  that  commissionable  software  to  process  and 
display  DABS  surveillance  data  and  ATARS  advisory  messages 
at  an  ARTS  IIIA  site  will  be  developed  based  on  the  FAATC 
(FAA  Technical  Center  )  TATF  (Terminal  Automation  Test 
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Facility)  software  used  to  test  DABS.  DABS  will  treat  ABTS 
IIIA  as  a  non-correlating  user  of  surveillance  data. 

Issue  310:  DABS/ATARS  at  Multi-Beacon  ARTS  IIIA  Sites 


It  was  assumed  that  DABS  and  ATARS  data  from  multiple  DABS 
sites  applicable  to  a  particular  ARTS  IIIA  site  will  be 
forwarded  and  directed  to  the  appropriate  control  position 
through  ARTS  IIIA  -  based  software. 

Issue  707:  ATARS  Terrain  Avoidance,  Terminal  MSAW 

It  was  assumed  that  ATARS  will  contain  an  Avoidance 
Advisory  function  for  Terrain,  Obstacles,  and  Special 
Airspace.  It  is  further  assumed  that  at  some  point  this 
function  will  be  merged  with  terminal  MSAW. 

En  Route  DABS,  ATARS  Assumptions 

Issue  208:  ARTCC  Software  for  Use  With  DABS 

It  was  assumed  that  the  initial  software  will  be  able  to 
handle  DABS  terminal  surveillance  data,  ATARS  data,  and 
interfacility  control  and  coordination  requirements  (e.g.. 
Aircraft  Control  State).  Later  software  will  handle  en 
route  surveillance  site  data. 
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BCAS ,  DABS  Assumptions 

Issue  333:  Full  BCAS  -  Beacon  Radar  Site  Antenna 
Rotational  Stability 

It  was  assumed  that  the  beacon  radar  site  antenna  systems 
would  be  modified  to  improve  their  rotational  stability  if 
required  to  support  full  BCAS. 

Search  Radar,  Weather  Radar  Assumptions 

Issue  712;  Future  Role  of  Primary  Radar 

It  was  assumed  that  the  ARSR-4  as  described  herein  will  be 
deployed . 

Issue  713:  NEXRAD/Weather  Channel  Development 

It  was  assumed  that  the  ARSR-4  weather  channel  and  the 
ASR-9  weather  channel  will  be  implemented.  Supplemental 
weather  data  above  that  provided  by  NEXRAD  will  be  provided 
by  the  ASRs  and  ARSRs. 

Issue  206;  Weather  Program  Definition 

It  was  assumed  that  in  the  Far  Term,  the  CWSU  will 
distribute  tabular  weather  data  to  TIDS  and  ETABS  for 
display  to  controllers.  Further  assumptions  as  to  the 
exchange,  use,  and  display  of  weather  data  are  contained  in 
Issue  207. 
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Issue  207 :  En  Route  Weather  Display  Concept 


It  was  assumed  that  controllers  will  be  provided  with 
two-dimensional  weather  data  from  WSR-57s  on  EWEDS  10" 
(vertical)  sector  displays  In  the  Near  Term.  Three- 
dimensional  digitized,  Doppler  weather  data  will  be 
available  from  NEXRAD  In  the  Far  Term.  Turbulent  area 
Information  from  this  data  will  be  displayed  as  hazardous 
area  contours  on  PVDs  In  the  Far  Term.  Extensive  use  of 
the  three-dimensional  characteristics  of  NEXRAD  data  will 
not  occur  until  after  the  ATC  Computer  Replacement  has  been 
accomplished. 
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8.  NAVIGATION  FACILITIES 


This  chapter  describes  the  system  improvements  planned  for  the 
Navigation  Facilities  and  the  interfaces  with  other  ATC 
facilities  for  Current,  Near  Term,  and  Far  Term  periods.  The 
ATC  facilities  and  time  periods  are  defined  in  Chapter  1.  The 
description  in  this  chapter  includes  the  FAA  ground  facilities 
that  provide  navigation  information  to  aircraft  in  en  route  and 
terminal  area  airspace,  and  during  approach  and  landing.  First, 
the  functions  currently  performed  by  various  Navigation 
Facilities  and  the  anticipated  Improvements  are  described  in 
Section  8.1.  Then,  a  description  of  the  connectivity  changes 
due  to  these  improvements  is  given  in  Section  8.2,  and  a  brief 
discussion  of  the  tentative  time  phasing  of  these  improvements 
is  given  in  Section  8.3.  In  the  final  section,  Section  8.4, 
some  of  the  major  assumptions  that  were  made  with  regard  either 
to  interfaces  with  other  ATC  facilities  or  to  the  time  phasing 
of  the  various  navigation  improvements  are  summarized. 

8.1  Navigation  Facilities  Improvements 

The  anticipated  navigation  improvements  are  listed  in  Table 
8-1.  There  are  no  Far  Term  improvements  planned  at  the  present 
time.  However,  the  FAA  is  currently  participating  in  the 
Department  of  Transportation's  development  of  a  Federal 
Radionavigation  Plan  (see  Reference  8-1).  The  primary  goal  of 
the  plan  is  to  provide  the  framework  for  selecting  from  a  number 
of  existing  or  planned  radionavigation  systems,  a  suitable  mix 
of  systems  which  can  meet  the  diverse  user  requirements  in  the 
post-1995  time  frame,  while  minimizing  the  duplication  of 
Government-provided  services.  This  could  lead  to  a  reduction  in 
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the  Government's  cost  for  all  navigation  systems  used  In  the 
post  1990s,  and  Impact  future  improvements  not  yet  planned. 

8.1.1  En  Route  and  Terminal  Area  Navigation  Facilities 

Since  non-FAA  navigation  facilities  are  used  by  some  aircraft  as 
a  supplement  to  the  FAA  facilities,  both  types  of  Navigation 
Facilities  are  described  below. 

8. 1.1.1  FAA  Navigation  Facilities 

En  route  and  terminal  area  navigation  information  is  currently 
provided  by  three  types  of  FAA  ground  facilities:  VOR,  VOR-DME, 
and  VORTAC. 

A  VKF  Omnidirectional  Range  (VOR)  ground  site  transmits  azimuth 
information  relative  to  the  ground  site  via  AM  and  FM  signals 
modulating  a  VHF  carrier.  The  phase  difference  between  the  AM 
and  FM  signals  is  used  by  all  civil  and  sone  military  aircraft 
to  determine  their  bearing  with  respect  to  the  VOR.  The  VOR  may 
also  be  used  to  periodically  transmit  Automatic  Terminal 
Information  Service  (ATIS)  messages  which  are  pre-recorded  in 
the  Tower  Cab  or  Transcribed  Weather  Broadcast  (TWEB)  messages 
which  are  pre-recorded  at  FSSs. 

A  VOR-DME  ground  site  co-locates  a  VOR  with  Distance  Measuring 
Equipment  (DME).  A  DME  receives  L  band  pulse  interrogations 
from  suitably  equipped  aircraft  in  the  vicinity  and  responds 
with  similar  pulses.  The  distance  between  the  aircraft  and  the 
DME  ground  site  can  then  be  calculated  by  the  aircraft  by 
measuring  the  difference  in  time  between  the  aircraft's 
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interrogation  and  the  reception  of  the  DME  ground  site's  reply. 
DME  equipment  is  used  by  both  civil  and  military  aircraft. 

A  VORTAC  ground  site,  as  shown  in  Table  8-2,  consists  of 
colocated  VOR  and  Tactical  Air  Navigation  (TACAN)  equipment. 
TACAN  is  a  military  navigation  system  that  provides  DME  distance 
information,  and  provides  its  own  azimuth  information  via 
amplitude  modulation  of  the  DME  pulse  transmissions.  The  DME 
portion  of  TACAN  is  used  by  both  civil  and  military  aircraft  and 
the  azimuth  portion  is  used  by  military  aircraft.  Thus,  VORTAC 
is  a  compatible  civil/military  navigaton  system.  Table  8-3 
provides  a  count  of  the  commissioned  en  route  and  terminal  area 
navigation  ground  sites  as  of  September  1980. 

These  ground  facilities  are  distributed  across  the  Conterminous 
United  States  to  define  three  route  systems:  VOR  Airways,  Jet 
Routes,  and  RNAV. 

The  VOR  Airway  System  consists  of  airways  designated  from  1200 
feet  AGL  to  18,000  feet  MSL  and  are  referred  to  as  "Victor" 
Airways.  The  Jet  Route  System  has  routes  from  18,000  feet  MSL 
to  45,000  feet  MSL.  Both  the  Victor  Airways  and  the  Jet  Routes 
utilize  VOR  radlals  to  define  route  segments. 

The  Area  Navigation  (RNAV)  Route  System  has  routes  in  the  same 
altitude  band  as  the  Jet  Routes.  RNAV  Routes  utilize  both  VORs 
and  DMEs  for  navigation  information,  but  unlike  the  Victor 
Airways  and  Jet  Routes,  RNAV  Routes  do  not  restrict  the  aircraft 
to  fly  along  routes  defined  by  VOR  radials.  Thus,  RNAV  Routes 
give  equipped  aircraft  greater  flexibility  in  route  selection. 
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TABLE  8-2 

VORTAC  FUNCTIONS  AND  EQUIPMENT 


Functions 


Equipment 


1.  VOR 

•  Transmits  Azimuth  Information 

•  Transmit  ATIS  or  TWEB 

Information 

2.  DME 

•  Detect  Aircraft  DME 
Interrogations 

•  Transmit  DME  Replies 

3.  TACAN 

•  Detect  Aircraft  TACAN  (DME) 
Interrogations 

•  Transmit  TACAN  (DME)  Replies 
and  Azimuth  Information 


VOR  Transmitter  (VHF) 


DME  Receiver  (L  Band) 

DME  Transmitter  (L  Band) 

TACAN  (DME)  Receiver  (L  Band) 
TACAN  Transmitter  (L  Band) 


TABLE  8-3 

CURRENT  FAA  EN  ROUTE  AND  TERMINAL  AREA 
NAVIGATION  GROUND  SITES 


VOR 

VOR-DME 

VORTAC 


189 

21 

705 

915  (As  of  9/80) 
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Special  RNAV  routes  have  recently  been  created  for  helicopter 
operations  in  the  Northeast  corridor  from  Boston  to  Washington, 
D.  C. ,  and  consideration  is  being  given  to  random  RNAV  routing 
based  on  a  helicopter  operators  Immediate  needs* 

Near  Term  Improvements 

In  the  Near  Term,  as  shown  in  Table  8-1,  the  FAA  is  planning  to 
replace  all  vacuum  tube  VORs  and  VORTACs,  and  all  DMEs  colocated 
with  a  VOR  with  solid  state  equipment  in  order  to  Increase  the 
reliability  and  maintainability  of  the  VOR/DME/TACAN  navigation 
system.  This  improvement  is  referred  to  as  either  the  Solid 
State  VORTAC  or  the  Second  Generation  VORTAC,  and  it  is 
functionally  equivalent  to  the  existing  ground  facilities. 
Included  in  the  improvement  is  the  installation  of  the  Remote 
Maintenance  Monitor  System  (RMMS)  which  will  monitor  the 
performance  of  each  VOR/DME/TACAN  site,  and  forward 
VOR/DME/TACAN  status  Information  to  an  associated  FSS.  The  FSS, 
in  turn,  will  'orward  the  status  data  to  an  associated  ARTCC. 
(See  Chapter  2  for  a  discussion  of  RMMS).  Both  the  introduction 
of  the  solid  state  technology  and  RMM  are  expected  to 
substantially  reduce  the  operational  and  maintenance  costs. 

Potential  and  Longer  Range  Improvements 

Beyond  this  anticipated  improvement,  the  FAA  is  also  tentatively 
exploring  AD  navigation  as  another  possibile  improvement.  AD 
Navigation  is  a  type  of  RNAV  in  which  arrival  time  is  one  of  the 
parameters  of  the  system.  It  might  be  used  in  high  density 
terminal  airspace  in  conjunction  with  terminal  sequencing  and 
spacing,  and  as  a  backup  to  a  highly  automated  ATC  system. 
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8. 1.1. 2  Non-FAA  Navigation  Facilities 


Besides  the  FAA,  various  other  governmental  agencies  maintain 
ground  stations  which  transmit  navigation  information  for  their 
own  use.  For  example,  the  Coast  (k.ord  maintains  LORAN-C  and 
OMEGA  ground  sites  to  provide  maritime  navigation  information, 
and  the  Navy  maintains  VLF-NAVCOM  ground  sites  for 
communications  with  Its  fleet.  (Since  the  VLF-NAVCOM  sites 
transmit  time  stable  signals,  they  can  also  be  used  to  provide 
navigation  information.)  This  information  can  also  be  used  by 
some  aircraft  as  a  supplement  to  the  VORTAC  system. 

Some  air  carriers  are  currently  using  OMEGA  to  provide 
navigation  information  during  oceanic  flights,  and  the  FAA 
recently  permitted  helicopters  to  use  LORAN-C  to  fly  to  and  from 
offshore  oil  rigs.  Helicopters  can  also  use  an  airborne  radar 
approach  (ARA)  to  locate  the  rigs  in  IFR  weather.  ARA  utilizes 
an  X  band  airborne  radar  to  provide  guidance  to  the  rig  either 
with  "skin”  returns,  or  on  a  beacon  transponder  located  at  the 
oil  rig.  In  the  future,  these  transponders  may  have  assigned 
codes  so  that  an  individual  rig  can  be  identified  in  a  field  of 
rigs. 

LORAN-C  is  being  tested  for  both  en  route  and  non-precision 
approach  use.  The  state  of  Vermont  wants  to  have  LORAN-C 
certified  for  instrument  flight  use  in  its  area.  In  the  Gulf  of 
Mexico,  the  FAA  and  industry  will  demonstrate  flight  following 
in  1981  using  LORAN-C  helicopter  position  information 
automatically  data-linked  back  to  ATC  on  shore. 

The  FAA  is  also  studying  the  possible  utilization  of  the  NAVSTAR 
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Global  Positioning  System  (GPS)  in  the  1990s  as  a  replacement 
for  the  present  VORTAC  System.  NAVSTAR  GPS  may  be  deployed  by 
the  Department  of  Defense  in  the  late-1980s.  It  would  consist 
of  18  to  24  satellites  and  would  provide  accurate  navigation 
information  on  a  worldwide  basis  for  a  number  of  military 
users.  This  system  might  eventually  also  replace  or  supplement 
other  civilian  navigation  systems,  such  as  VORTAC,  OMEGA,  and 
LORAN-C,  sometime  after  1995.  However,  before  the  FAA  can  make 
a  decision  to  replace  the  VORTAC  System,  further  analysis  will 
have  to  be  performed  to  prove:  the  operational  feasibility  of 
this  type  of  navigation  system;  its  cost-effectiveness  for  both 
the  FAA  and  the  various  potential  civil  aviation  users;  and  its 
international  acceptabiltiy . 

8.1.2  Approach  and  Landing  Navigation  Facilities 

As  shown  in  Table  8-4,  the  FAA  currently  maintains  several  types 
of  ground  facilities  for  three  types  of  approaches:  Precision 
and  Non-precision  Instrument  Approaches,  and  VFR  Approaches. 
Instrument  approach  procedures  are  established  by  the  FAA  for 
individual  runways  at  specific  airports,  and  they  may  have  as 
many  as  four  separate  segments  depending  on  how  the  approach 
procedure  is  structured.  The  four  segments  are:  initial 
approach,  intermediate  approach,  final  approach,  and  missed 
approach.  The  final  approach  segment,  I.e.,  the  segment  between 
the  final  approach  fix  and  the  runway,  may  either  be  a  Precision 
or  Non-precision  Instrument  Approach. 

8. 1.2.1  Precision  Instrument  Approaches 


Precision  Instrument  Approaches  are  performed  utilizing 
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horizontal  and  vertical  guidance  information  that  is  currently 
provided  by  an  Instrument  Landing  System  (ILS).  As  of  January 
1981,  there  are  approximately  957  full  or  partial  ILSs 
commissioned  or  planned  for  658  U.S.  airports  (see  Table  8-5). 

A  full  ILS  generates  several  electronic  signals  (Localizer, 

Glide  Slope,  Marker  Beacons,  and  in  a  few  cases,  DME).  It  also 
has  an  associated  approach  lighting  system  to  provide  visual 
guidance. 

The  Localizer  signal  provides  horizontal  guidance  information 
from  a  minimum  distance  of  18  nautical  miles  to  the  runway  to 
align  the  aircraft  with  the  runway  centerline.  This  navigation 
information  is  provided  by  amplitude  modulating  a  VHF  carrier 
frequency  with  continuous  90  Hz  and  150  Hz  tones.  When  the 
difference  in  depth  of  modulation  of  both  tones  received  by  the 
aircraft  is  zero,  the  aircraft  is  on  course. 

The  Glide  Slope  signal  provides  vertical  guidance  by  defining  a 
glide  path  to  the  runway  which  is  approximately  at  a  3° 
elevation  angle  with  respect  to  the  runway  at  the  touchdown 
point.  This  navigation  information  is  provided  by  amplitude 
modulating  a  UHF  carrier  frequency  In  the  same  manner  as  the 
Localizer  signal. 

As  shown  in  Table  8-6,  there  are  three  categories  of  Precision 
Instrument  Approaches.  A  Category  I  ILS  system,  the  system  most 
widely  used  today,  permits  approaches  to  be  performed  only  under 
higher  visibility  and  decision  height  criteria  than  Category  II 
or  IIIA  systems.  The  decision  height  is  the  altitude  at  which 
the  pilot  must  be  able  to  visually  acquire  either  the  runway  or 
the  approach  lights  during  the  precision  approach,  or  execute  a 
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TABLE  8-5 

CURRENT  AND  PLANNED  ILS  DEPLOYMENT 


Number  of  ILSs 

Number  of  Airports 

Non-Precision  Approach 
(Partial  ILS  No  Glide  Slope) 

134 

125 

Category  I  Precision  Approach 

737 

451 

Category  II  Precision  Approach 
(Ope rational) 

47 

43 

Category  II  Precision  Approach 
(Additional  Designated  Sites) 

27 

27 

Category  IIIA  Precision  Approach 

12 

12 

Total 

957 

658 

j 

i 

l 


TABLE  8-6 

PRECISION  INSTRUMENT  APPROACH  CATEGORIES 


Landing  Minima 

Category 

Runway  Visual  Range  (RVR) 

Decision  Height 

I 

2400  Feet 

200  Feet 

II 

1200 

100 

IIIA 

700 

0 
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missed  approach. 


The  Outer  Marker  Beacon  is  normally  located  at  the  point  at 
which  an  aircraft  will  intercept  the  ILS  glide  path  if  it  is  at 
the  appropriate  altitude  on  the  localizer  course  as  defined  by 
the  instrument  approach  procedure.  The  Middle  Marker  is  located 
at  the  point  at  which  the  pilot  has  to  visually  acquire  either 
the  runway  or  approach  lights  during  a  Category  I  landing, 
typically  when  the  aircraft  is  approximately  1/2  nmi  from  the 
runway  threshold  and  at  an  altitude  of  200  feet  above  the 
runway.  The  Inner  Marker  Beacon  is  located  at  the  point  at 
which  the  pilot  has  to  visually  acquire  either  the  runway  or 
approach  lights  during  a  Category  II  landing,  when  the  aircraft 
is  at  an  altitude  of  100  feet  or  more  above  the  runway.  Marker 
Beacons  transmit  a  unique  tone  that  is  amplitude  modulated  on  a 
75  MHZ  carrier  and  uniquely  coded  with  a  repetitive  series  of 
dots  and  dashes.  Both  the  tone  frequency  and  code  vary  with 
each  Marker  Beacon  so  that  they  can  be  individually  identified. 

In  addition  to,  or  in  place  of  Marker  Beacons,  some  ILSs  utilize 
a  DME  to  inform  the  pilot  of  his  distance  from  the  runway. 

The  approach  lights  aid  the  pilot  in  transitioning  from 
instrument  flight  to  visual  flight  either  at  the  middle  or  inner 
marker  by  providing  visual  cues  to  keep  the  aircraft  aligned 
with  the  runway  centerline.  The  approach  lights  consist  of  rows 
of  lights  along  the  approach  path  from  a  point  1000  to  3000  feet 
from  the  runway  threshold  to  the  threshold.  The  lighting 
systems  associated  with  a  Category  II  system  are  more  elaborate 
than  those  associated  with  a  Category  I  system. 
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A  few  category  III  ILSs  have  been  commissioned  in  the  U.S. 

These  systems  permit  landings  by  appropriately  equlped  aircraft 
in  visibility  conditions  down  to  700  ft  visibility  range  and 
zero  decision  height. 

8. 1.2. 2  Non-Precision  Instrument  Approaches 

Non-precision  Instrument  Approaches  are  performed  utilizing 
horizontal  navigation  information  that  is  provided  by  a 
localizer-only  ILS,  VOR,  Non-directional  Beacon  (NDB),  or 
Compass  Locator. 

All  of  these  ground  facilities  provide  navigation  information  to 
locate  either  a  runway  centerline  for  a  straight-in  approach,  or 
the  airport  for  a  circling  approach.  Each  approach  has  a 
minimum  descent  altitude  associated  with  it,  below  which  the 
pilot  cannot  descend  to  complete  the  landing  unless  he  can 
visually  acquire  either  the  runway  or  the  approach  lights. 

VORs,  NDBs  and  Compass  Locators  may  provide  navigation 
information  for  either  straight-in  or  circling  approaches  based 
upon  their  location  in  relation  to  the  particular  runway 
centerline.  2D  RNAV  may  be  used  to  provide  a  straight-in 
approach  at  an  airport  with  only  a  VOR  circling  approach  (due  to 
the  VOR' 8  location),  since  the  RNAV  system  on  board  the  aircraft 
could  utilize  the  VOR-DME  navigation  information  to  generate 
Information  for  a  straight-in  approach. 

NDBs  transmit  a  continuous  LF  or  MF  omnidirectional  signal  that 
is  amplitude  modulated  with  a  three-letter  identification  code, 
except  during  voice  transmission  of  pre-recorded  messages 
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(TWEBs)  sent  from  Flight  Service  Stations.  Compass  Locators  are 
similar  to  an  NDB,  except  that  they  are  low  powered  providing 
limited  coverage,  transmit  a  two-letter  identification  code,  and 
are  used  in  conjunction  with  ILS  marker  beacons.  A  pilot  can 
utilize  the  omni-directional  signal  from  either  an  NDB  or  a 
Compass  Locator  with  the  aircraft's  automatic  direction  finder 
and  heading  indicator  to  perform  a  Non-precision  Instrument 
Approach. 

8. 1.2. 3  Approaches  By  VFR  Aircraft 

Approaches  by  VFR  aircraft  utilize  a  VFR  traffic  pattern  and  can 
only  occur  when  the  weather  is  at  or  above  the  basic  VFR  weather 
minimums,  as  follows.  (If  there  are  obstacles  in  the  vicinity 
of  the  airport,  the  minimums  will  be  higher.) 

•  In  controlled  airspace  -  visibility  3  miles,  ceiling 
1000  feet  AGL. 

•  In  uncontrolled  airspace  -  visibility  1  mile,  aircraft 
clear  of  clouds. 

The  FAA  has  installed  Visual  Approach  Slope  Indicators  (VASIs) 
at  a  number  of  airports  to  provide  vertical  guidance  information 
during  a  Visual  Approach  or  an  approach  by  a  VFR  aircraft  to  a 
runway.  The  standard  VASI  consists  of  light  bars  that  provide 
the  pilot  with  a  visual  cue  that  he  is  on,  above,  or  below  a 
3°  glide  path  during  the  approach  to  the  runway.  VASIs  are 
also  used  at  ILS  runways  to  provide  additional  guidance  to  the 
pilot. 

The  FAA  is  also  planning  to  test  a  laser  system  to  provide 
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visual  guidance  for  helicopters  to  heliports. 

8. 1.2. A  Approach  and  Landing  Navigation  Facilities  Improvements 
In  the  Near  Term,  three  Improvements  are  anticipated: 

•  The  replacement  of  vacuum  tube  ILSs  with  solid  state 
ILSs  to  improve  equipment  reliability  and 
maintainability,  and  the  installation  of  ILSs  at 
additional  airports. 

•  The  installation  of  100  or  more  VASIs  per  year  at 
airports  through  the  mid-1990s. 

•  The  installation  of  Microwave  Landing  Systems  (MLSs)  at 
several  airports  as  the  FA4  begins  the  transition  from 
ILS  to  MLS. 

In  comparison  with  ILS,  MLS  has  several  major  advantages: 

•  Due  to  its  higher  transmission  frequency  (C-band)  MLS 
allows  antennas  to  be  built  with  narrow  beamwidths  that 
minimize  dependence  on  the  surrounding  ground  plane. 
Therefore,  MLS  will  be  less  susceptible  to  signal 
transmission  problems  caused  by  the  terrain  and  nearby 
structures,  tidal  variations  and  snow.  Thus,  its 
installation  at  some  airports  with  difficult  siting 
problems  should  become  economically  feasible. 

•  Due  to  the  increased  integrity  of  its  guidance  signals, 
MLS  should  encourage  the  use  of  automatic  landings.  The 
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MLS  should  provide  the  pilot  with  the  confidence  to 
utilize  automatic,  coupled  approaches  all  the  way  to 
touchdown. 

•  Due  to  its  scanning  technique  in  both  the  horizontal  and 
vertical  planes,  MLS  will  provide  a  wider  coverage 
area.  This,  in  turn,  will  permit  the  utilization  of 
curved  approaches  and  various  glide  paths  at  the  more 
sophisticated  sites  by  suitably  equipped  aircraft. 

8. 1.2. 5  Associated  Improvements 

Two  other  system  improvements,  indirectly  related  to  navigation, 
are  also  being  considered  by  the  FAA:  the  use  of  Head  Up 
Displays  (HUD)  in  the  Near  Term  and  the  Cockpit  Display  of 
Traffic  Information  (CDTI)  as  a  Potential  and  Longer  Range 
improvement . 

CDTI  is  a  cockpit  display  which  might  provide  the  pilot  with 
information  on  other  air  traffic  in  his  vicinity.  The  data  for 
the  display  would  be  sent  from  the  ATC  Syscam  via  the  Discrete 
Address  Beacon  System  (DABS)  data  link.  Some  of  the  possible 
uses  of  CDTI  are: 

•  Controller  assistance  to  the  pilot  in  merging  and 
spacing, 

•  Improvement  of  the  pilot's  awareness  of  other  air 
traffic, 

a  ATC  back-up  assistance  in  case  of  equipment  failures, 
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•  Blunder  detection 


•  En  Route  Operations  (such  as  weather  avoidance  or  AD 
RNAV) 

The  utilization  of  Head  Up  Displays  (HUDs)  is  expected  on  board 
some  air  carrier  aircraft  to  aid  pilots  In  the  transition  from 
instrument  to  visual  flight  during  an  Instrument  approach.  A 
HUD  is  expected  to  enhance  the  pilot's  ability  to  execute  a 
manual  landing  with  less  likelihood  that  the  aircraft  will 
descend  below  the  glide  path  after  the  decision  height  has  been 
reached . 

8.2  Navigation  Facilities  System  Connectivity 

As  shown  in  Figure  8-1,  MLS  (Reference  8-2)  would  be  the  only 
anticipated  improvement  in  FAA  navigation  ground  facilities  that 
affects  either  ATC  system  connectivity,  external  information 
flow,  or  the  internal  functions  performed  at  a  ground  facility. 

From  a  system  connectivity  viewpoint,  MLS  navigation  signals 
transmitted  to  the  aircraft  will  change  In  comparison  with  ILS 
in  six  ways. 

•  The  transmission  frequency  of  the  MLS  will  be  C  band 
Instead  of  VHF  or  UHF. 

•  Azimuth  and  Elevation  signals  will  be  provided  Instead 
of  Localizer  and  Glide  Slope  signals. 

•  Back  azimuth  signals  will  be  transmitted  at  some 
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airports  to  provide  horizontal  guidance  during  a  missed 
approach  or  departure. 

•  Precision  DME  (PDME)  signals  will  be  transmitted  at  some 
MLS  sites  to  support  complex  approaches  and  automatic 
landings.  The  aircraft's  radar  altimeter  or  an  optional 
MLS  flare  element  may  be  used  to  execute  the  flare 
maneuver  with  the  aid  of  the  PDME.  The  PDME  will 
provide  highly  accurate  distance  information  along  the 
final  approach  path  and  will  be  compatible  with  the 
existing  international  airborne  and  ground  DME  standards. 

•  All  MLS  sites  will  transmit  basic  digital  data  Inherent 
to  the  operation  of  the  system.  In  addition,  the  MLS 
auxiliary  digital  data  channel  can  be  used  to  transmit 
such  items  as  meteorological  and  runway  conditions, 
siting  parameters,  way  points  that  define  an 
unconventional  approach,  e.g.,  a  horizontally  or 
vertically  segmented  approach.  At  the  present  time, 
there  is  no  ICAO  standardization  for  the  auxiliary  data. 

•  DME  signals  will  eventually  be  used  instead  of  marker 
beacon  signals  to  locate  key  points  during  the  approach. 

From  a  functional  viewpoint,  the  navigation  information  provided 
by  an  MLS  would  be  different  from  an  ILS.  Multiple  glide  paths 
and  azimuth  positions  will  be  provided  by  an  MLS  instead  of  a 
single  approach  path,  thereby  permitting  curved  approaches 
within  40°  of  the  runway  centerline  and  descents  along  glide 
paths  from  0.9°  to  7.5°  depending  on  the  type  of  aircraft. 
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The  FAA  is  considering  three  configurations  of  MLS  systems  (see 
Table  8-7).  The  simplest  type  of  MLS  is  the  Small  Community  MLS 
(SCMLS).  This  system  will  provide  proportional  azimuth  coverage 
when  the  aircraft  is  within  +  10°  of  the  centerline,  and  will 
provide  fly  right  or  fly  left  guidance  to  the  pilot  between 
+10°  and  +  40°  of  the  centerline.  Proportional  elevation 
coverage  is  provided  to  at  least  7.5°.  The  SCMLS  will  be  used 
primarily  on  runway  lengths  of  up  to  5000  feet. 

The  Basic  MLS  system  has  a  broader  range  of  coverage  for 
proportional  azimuth  and  elevation  angles  than  the  SCMLS.  An 
azimuth  antenna  beamwidth  will  be  used  for  runway  lengths  of 
less  than  8,000  feet  providing  proportional  guidance  +40°  of 
centerline. 

The  Expanded  MLS  system  is  the  most  sophisticated  MLS  system 
planned  by  the  FAA  to  support  all  weather  operations.  This 
system  can  provide  increased  proportional  coverage  or  added 
services.  Besides  including  a  backcourse  azimuth  signal  for 
missed  approaches  or  departures,  it  may  also  provide  optional 
flare  guidance. 

MLS  Azimuth,  Elevation,  Flare  and  Missed  Approach  signals  will 
be  provided  by  the  time  reference  scanning  beam  (TRSB)  method  in 
which  a  narrow  unmodulated  fan  beam  scans  at  high  speed  in 
alternate  directions  through  the  coverage  sector.  The  scanning 
speed  will  be  uniform,  starting  from  one  extremity  of  the 
coverage  sector  and  moving  to  the  other  and  then  back  to  the 
starting  point.  The  Azimuth  beams  will  scan  from  left  to  right 
of  the  runway  centerline  and  then  right  to  left,  while  the 
Elevation  and  Flare  beams  will  scan  up  then  down  towards  the 
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TABLE  8-7 


ground. 


In  every  scanning  cycle,  two  pulses  (To,  Fro)  will  be  received 
by  the  aircraft  from  each  scanning  beam.  The  time  interval 
between  the  To  and  Fro  pulses  will  be  proportional  to  the 
angular  position  of  the  aircraft  with  respect  to  the  runway 
centerline  (Azimuth)  or  the  ground  (Elevation,  Flare),  and  the 
high  update  rates  for  these  signals,  13  or  39  Hz  for  Azimuth  and 
39  Hz  for  Elevation,  will  make  it  possible  to  design  simple 
airborne  processors  that  can  minimize  multipath  effects. 

The  Azimuth,  Elevation,  Flare  and  Missed  Approach  signals,  and 
data  messages  will  be  time-multiplexed  so  that  a  single  aircraft 
receiver  can  process  all  of  the  information.  Each  guidance 
signal  will  be  preceded  by  a  preamble  which  will  set  the 
aircraft's  MLS  receiver  for  the  function  which  follows. 

Only  the  most  sophisticated  MLS  sites  would  transmit  all  of  the 
possible  guidance  signals.  At  the  most  elementary  MLS  sites, 
only  Azimuth,  Elevation  and  basic  data  from  the  MLS,  and  DME  or 
Marker  Beacon  signals  will  be  transmitted. 

8.3  Navigation  Improvements  Tentative  Implementation  Schedule 

Figure  8-2  provides  a  tentative  implementation  schedule  for  the 
Navigation  Facilities  improvements.  It  should  be  emphasized 
that  this  schedule  may  change  in  the  future  as  a  result  of 
additional  information  concerning  the  need  and  the  progress  of 
the  individual  projects. 

Information  on  the  Near  Term  improvements  was  obtained  from 
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NAVIGATION  FACILITIES 
TENTATIVE  IMPLEMENTATION  SCHEDULE 


preliminary  budgetary  information  for  Fiscal  Years  1981  to  1984, 
and  information  on  the  Far  Terra  improvements  was  obtained  from 
the  FAA  program  managers  involved  with  these  projects. 

In  the  Near  Term,  the  FAA  is  planning  to  install  MLSs  at  a 
limited  number  of  airports.  After  these  systems  have  been 
evaluated  in  an  operational  environment,  then  additional  MLSs 
will  be  installed  in  the  Far  Term. 

Due  to  the  age  of  some  of  the  ILS  equipment,  the  FAA  may  have  to 
continue  to  purchase  new  equipment  to  replace  existing  equipment 
while  MLS  is. being  introduced.  In  addition,  the  FAA  will 
maintain  ILSs  after  the  MLSs  have  been  installed  to  accommodate 
different  user  needs  during  a  transition  period.  Both  types  of 
landing  systems  may  be  maintained  at  the  same  site  for  a 
relatively  long  time  interval,  perhaps  as  long  as  15  years. 


In  the  preparation  of  this  chapter  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
implemented,  when  they  would  be  implemented,  how  they  would 
function  at  a  Navigation  Facility,  and  how  they  would  interact 
with  other  facilities.  This  section  identifies  assumptions  and 
areas  of  uncertainty  by  what  are  called  "System  Integration 
Issues." 

The  Integration  Issues  cited  below  were  identified  during  the 
preparation  of  this  document  and  were  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  these  issues  was 
undertaken  by  a  joint  Systems  Research  and  Development  Service 
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and  Airway  Facilities  Service  group.  The  Issues  and  assumptions 
stated  below  were  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  early  December  1980.  The 
reader  is  cautioned  to  check  for  recent  changes  in  the  status  of 
these  issues  before  forming  any  final  conclusions. 

The  integration  issue  assumptions  pertinent  to  navigation 
Facilities  are: 

Issue  801:  Use  of  the  MLS  Data  Link 


It  was  assumed  that  ICAO  will  standardize  the  MLS  Auxiliary 
Data  format,  and  the  messages  will  include  the  following 
information: 

•  Runway  condition, 

•  Runway  visibility, 

•  MLS  siting  data,  and 

•  MLS  status. 

Issue  803:  MLS  Display  Requirements 

It  was  assumed  that  the  Microwave  Landing  System  (MLS)  data 
for  the  pilot  may  be  displayed  on  an  integrated  display 
which  may  also  include  some  of  the  following  displays:  the 
Head  Up  Display  (HUD),  the  weather  radar  display,  and 
existing  MLS  and  navigation  displays. 

Issue  804:  Candidates  for  Civil  Aviation  Navigation 

It  was  assumed  that  the  mix  of  navigation  systems  selected 
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to  meet  aviation  user  requirements  in  the  1990s  will  be 
determined  from  those  candidates  currently  under  study  in 
the  Federal  Radionavigation  Plan. 

Issue  805:  Compatibility  of  Existing  Planned  Navigation 
Systems  with  the  ATC  System 

It  was  assumed  that  future  ATC  airspace  and  routing 
procedures  will  either  be  modified  to  accomodate  use  of  all 
approved  navigation  systems,  or  will  be  restricted  to 
specific  navigation  systems.  The  objective  is  to  avoid 
aircraft  using  different  navigation  references  from 
entering  into  conflicts  with  other  aircraft  or  obstacles 
while  cleared  into  common  airspace. 
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* 

9.  COMMUNICATIONS  FACILITIES 


This  chapter  describes  the  system  Improvements  planned  for  the 
Data  and  Voice  Communications  Facilities  and  the  Interfaces  with 
other  ATC  facilities  for  Current,  Near  Term,  and  Far  Term  time 
periods*  The  ATC  facilities  and  time  periods  are  defined  in 
Chapter  1.  Data  communications  are  described  In  Section  9.1  and 
voice  communications  In  Section  9.2.  Connectivity  and 
implementation  schedules  for  both  current  and  proposed 
communication  improvements  are  also  discussed. 

The  data  communications  section  describes  the  facilities  which 
provide  for  switching  and  transmission  of  data  for  FAA  /TC 
operations.  All  types  of  ground/ground  ATC  data  communications 
are  described,  including  low  speed  point-to-point  teletype, 
multipoint  teletype,  medium  speed  (300  through  9600  bps),  data 
concentration  and  data  switching.  Dial-up  data  transmission 
channels  which  are  accessed  through  telephone  company  switching 
equipment  are  omitted.  Facsimile  transmission  and  broadband 
radar  transmission  are  included  as  data  communications.  Future 
plans  call  for  meeting  these  requirements  with  digital 
techniques. 

The  voice  communications  section  considers  the  facilities  that 
provide  air/ground  voice  communications  between  FAA  ATC 
facilities  and  aircraft  operating  in  CONUS,  as  well  as 
ground/ground  voice  communications  between  FAA  operated  ATC 
facilities,  and  between  ATC  and  FSS  facilities. 

Communications  directly  impacting  the  provision  of  ATC  services 
are  included.  Communications  between  the  1FR  aircraft  and 
terminal  and  en  route  controllers,  and  between  VFR  aircraft  and 
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Flight  Service  Stations  are  also  included. 

9.1  Data  Communications 


This  section  provides  a  brief  discussion  of  the  requirements  for 
data  communications  among  FAA  facilities.  The  improvements  and 
connectivity  in  each  of  four  areas  of  automation  (En  Route, 
TRACON/ Tower,  ATCCC  and  FSS  facilities)  are  discussed.  The 
planned  NADIN  configuration  is  described  and  compared  to  current 
FAA  data  communications  facilities.  Schedules  for 
implementation  are  indicated,  and  some  assumptions  pertaining  to 
current  system  configuration  issues  are  identified. 

For  purposes  of  this  discussion,  data  communications  include: 

(1)  communications  between  people,  where  the  message  is 
initiated  on  a  keyboard  device  and  is  delivered  on  a  page 
printer,  cathode  ray  tube  or  printout  device;  (2)  communication 
from  a  person  to  a  machine,  where  the  origination  is  at  a 
keyboard  and  the  delivery  is  in  the  form  of  data  or  commands  for 
entry  into  a  machine;  (3)  communication  from  a  machine  to  a 
person  where  the  origination  is  a  stream  of  digital  information 
and  delivery  is  in  the  form  of  a  printout;  or  (4)  communication 
from  one  machine  to  another.  In  general,  all  data 
communications  take  the  form  of  binary  coded  digital  information 
transmitted  electrically  through  wire  or  other  transmission 
media;  however,  some  analog  transmissions  are  mentioned  in  this 
section  (i.e.,  radar  transmissions  in  video  form)  where  there 
are  plans  in  the  Near  Term  and  Far  Term  to  replace  this  mode 
with  a  digital  capability. 

Specifically  excluded  from  this  discussion  are  connections 
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between  local  machines  or  between  a  machine  and  Its  control 
console  or  closely  associated  user  terminals  where  these 
equipments  are  physically  located  within  the  same  facility  and 
are  considered  an  Integral  part  of  a  data  processing 
conf igurat Ion. 

9.1.1  Improvements  and  Connectivity 

Various  Improvements  In  the  FAA  data  communications  service  are 
In  the  planning  or  Implementation  stage.  These  Improvements  are 
described  as  they  apply  to  each  of  the  time  periods  (Current, 
Near  Term,  and  Far  Term)  for  each  of  the  major  facility 
categories  (En  Route,  Terminal,  ATCCC  and  FSS).  Overall 
connectivity  diagrams  are  also  included  for  each  category. 

9. 1.1.1  En  Route  Facilities  Improvements 

The  en  route  data  communications  are  comprised  primarily  of  the 
following  services;  ARTCC  to  ARTCC,  ARTCC  to  terminal,  radar 
sites  to  ARTCC,  and  various  teletype  circuits  to  ARTCC.  Some 
basic  assumptions  which  were  used  in  describing  the  en  route 
data  communications  are  listed  in  Table  9-1.  The  descriptions 
of  en  route  data  communications  for  the  three  periods  of 
Interest,  Current,  Near  Term  and  Far  Term,  as  well  as  Potential 
and  Longer  Range  improvements,  are  contained  in  Table  9-2.  An 
Illustration  of  the  configuration  for  each  of  the  three  time 
periods  Is  shown  in  Figures  9-1,  9-2,  and  9-3.  Clarifying 
information  is  Included  in  the  next  subsections. 
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TABLE  9-1 

ASSUMPTIONS  FOR  EN  ROUTE  FACILITIES  DATA  COMMUNICATIONS 


1.  The  NADIN  information  is  per  FAA-E-2661,  specification  for 
NADIN,  January  4,  1977  (Reference  9-7)  and  the  NADIN  contract 
(DTFA01-81-C20006) ,  October  31,  1980. 

2.  A  NADIN  concentrator  (NADIN  1A)  can  switcl  data  between 
computers  which  are  connected  to  the  concentrator,  such  as  ARTCC 
to  ARTS.  However,  accountable  TTY  data  (i.e.  data  which  must  be 
journaled)  must  be  sent  through  the  switch. 

3.  The  data  transfer  between  ARTCCs  in  the  Far  Term  will  be  via 
NADIN. 

4.  The  ARTS  interface  with  NADIN  includes  ARTS  1IIA,  ARTS  II,  and 
an  ARTS  II-like  replacement  for  the  TPX-42. 

5.  TIDS  will  be  installed  in  ARTS  IIIA  sites  in  the  Far  Term. 
Installation  in  ARTS  II  sites  is  a  potential  and  longer  range 
improvement . 

6.  The  NADIN  Enhancement  interface  with  ARTS  IIIA  will  be  through 
the  TIDS  (References  9-2,  9-3,  and  9-5)  equipment  when  TIDS  is 
installed  in  the  Far  Term. 

7.  Present  FDEP  equipment  will  be  used  for  strip  printing  in 
terminals  in  the  Near  Term  until  the  FDIO  System  is  implemented. 

8.  With  the  implementation  of  the  FDIO  system  In  the  Near  Term, 
these  FDEP  transmission  channels  will  be  capable  of  operating  at 
2400  bps  for  the  new  FDIO  printers  and  CRT/Keyboards. 

9.  The  CD-2  equipment  will  be  implemented  in  the  Near  Term. 
Broadband  radar  and  beacon  data  will  not  be  retained  for  backup 
in  the  Far  Term. 

10.  DABS  surveillance  and  ATARS  services  will  be  provided  to  some 
ARTCCs  from  selected  terminal  DABS  sites  when  it  is  implemented 
in  the  Far  Term.  Implementation  of  en  route  DABS  sites  is 
assumed  to  take  place  after  the  en  route  ATC  computer  is 
replaced . 

11.  Currently  three  2400  bps  channels,  with  three  redundant  backup 
channels,  are  provided  for  transmitting  digitized  radar  data 
from  the  surveillance  site  to  the  ARTCC.  With  the  introduction 
of  DABS,  up  to  four  (4)  4800  bps  per  channels  will  be  provided. 


TABLE  9-1 
(CONCLUDED) 


12.  With  the  introdu _tion  of  DABS,  up  to  three  (3)  4800  bps  channels 
shall  be  provided  from  the  en  route  surveillance  site  to  the 
ARTCC  for  data  link  and  ATARS  communications. 

13.  Digitized  weather  surveillance  data  will  be  available  to  the 
ARTCC  from  NEXRAD  weather  radar  sites  in  tha  Far  Term. 

14.  Alphanumeric  weather  data  from  the  WMSC  will  be  available  to  the 
ARTCC  via  NADIN  in  the  Near  Term. 
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FIO  UHIM 

NEAR  TERM  EN  ROUTE  OATA  COMMUNICATtOftS 
CONNECTIVITY  DiAORAM 


I  ?470  bps  I  2*00  i>ps 


HAD IN  CONCENTRATOR 


C**#r»9*s  from  th*  Near  T*m  S>vt(«  to  th* 
far  T tr*  art  tndUittd  In  iuliem. 


11200  bps  I  1200  bps 

or  75  bps  I  or  75  bps 


FIGURE  M 

FAR  TERM  EN  ROUTE  COMMUNICATIONS 
CONNECTIVITY  DIAGRAM 


nm  aum-Hot  nun 


Current  En  Route  Facilities 


ARTCC  interfacility  computer-to  computer  data  transmission  is 
provided  over  a  2400  bps  primary  channel,  and  a  2400  bps 
redundant  channel* 

ARTCC  to  ARTS  III  (or  ARTS  II)  interfacility 

computer-to-computer  data  transmission  is  provided  over  a  2400 
bps  channel  (Reference  9-4).  A  low  speed  FDEP  circuit  is 
provided  to  print  flight  strips  in  the  tower  and  TRAC0N. 

No  computer-to-computer  interface  is  provided  between  the  ARTCC 
(9020)  and  the  TPX-42  equipped  TRAC0N  since  the  TPX-42  is 
basically  a  hard-wired  system,  with  very  little  computing 
capability.  A  low  speed  circuit  from  an  ARTCC  is,  however, 
provided  for  printing  flight  strips  on  FDEP  equipment  in  the 
TPX-42  TRACONs  and  towers.  Low  speed  circuits  from  an  ARTCC  are 
also  provided  for  printing  flight  strips  on  FDEP  equipment  in 
VFR  towers. 

Digitized  search  and  beacon  data  from  the  common  digitizer  are 
transmitted  from  surveillance  sites  to  an  ARTCC  via  three  2400 
bps  channels.  Three  Identical  channels  are  provided  for 
redundancy. 

Weather  radar  data  from  NWS  weather  radar  sites  are  transmitted 
to  the  ARTCC  via  a  dedicated  2400  bps  channel  in  the  Current 
time  period. 

Teletypewriter  .ervice  for  transmitting  flight  plans,  flight 
movement  data  and  administrative  messages  is  provided  on  three 
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Bus  turn  wot  numo 


different  networks;  Area  B,  Utility  B  and  Center  B.  The  first 
two  networks  are  connected  directly  to  the  9020  computer  in  the 
ARTCC.  The  Center  B  network  has  a  terminal  in  the  ARTCC,  but  is 
not  connected  to  the  9020  computer. 

Flight  movement  reports  are  transmitted  to  the  Central  Flow 
Control  Computer  Complex  (CFCCC)  via  one  of  five  ARTCCs 
(equipped  with  store  and  forward  capability)  which  relays  these 
messages  ".o  the  CFCCC  from  other  ARTCCs.  Flight  movement 
directives  are  transmitted  from  the  ATCCC  (Washington  D.C.)  to 
the  ATCCC  (St.  Luke's)  in  Jacksonville,  Florida,  via  a  dedicated 
facsimile  circuit.  These  directives  are  then  transmitted  from 
ATCCC  (St.  Luke's)  to  the  Center  B  switch  (NATCOM)  where  they 
are  distributed  to  the  appropriate  ARTCCs  via  the  Center  B 
network. 

Each  ARTCC  has  a  facsimile  printer  for  copying  weather  charts 
from  the  National  Meteorological  Center  (NMC).  Transmission  is 
over  a  single  dedicated  voiceband  telephone  line. 

Facslmllles  of  NOAA  satellite  pictures  are  transmitted  to  each 
ARTCC  via  dedicated  telephone  facilities  from  Satellite  Field 
Service  Stations  (SFSS). 

The  WMSC  provides  Weather  data  and  request /reply  service  to  each 
ARTCC  via  a  dedicated  2400  bps  circuit. 

Near  Term  En  Route  Facilities 


NADIN  Enhancements  will  be  introduced  in  the  Near  Term  to 
provide  all  flight  plan  and  flight  strip  data  transmission 
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between  ARTCCs  and  FDIO  (Flight  Data  Input/Output)  terminals 
located  at  ARTS  IIIA,  ARTS  II,  ARTS  II-like  replacement  for 
TPX-42  and  VFR  Tower  facilities,  via  NADIN.  Flight  plan  and 
handoff  data  between  ARTCCs,  and  between  ARTCCs  and  all  ARTS 
IIIA  and  ARTS  II  computers  will  continue  to  be  transmitted  via 
dedicated  transmission  facilities.  The  TPX-42  terminal 
equipment  will  be  replaced  with  ARTS  II-like  equipment  in  the 
Near  Term. 

All  three  teletypewriter  networks  (Area  B,  Utility  B  and  Center 
B) ,  will  be  replaced  with  transmission  and  switching  by  NADIN  in 
the  Near  Term.  Transmission  facilities  for  the  FAATC's  NASNET 
system  will  also  be  provided  by  NADIN  in  the  Near  Term. 

For  surveillance  data,  the  CD-2  is  introduced  in  the  Near  Term, 
to  replace  the  original  CD.  The  CD-2  provides  completely 
redundant  paths  from  the  Data  Transmission  Groups  (DTGs)  at  the 
surveillance  site  through  the  modems  at  each  end,  and  the 
redundant  transmission  facilities.  The  broadband  radar  service 
will  continue  to  be  used  for  backup  in  the  Near  Term. 

Weather  radar  data  will  continue  to  be  transmitted  from  the  NWS 
weather  radar  sites  via  dedicated  channels  in  the  Near  Term. 

The  facsimile  service  from  NMC  to  a  printer  in  each  ARTCC  will 
remain  the  same  in  the  Near  Term  as  in  the  current  system. 

The  Service  A  weather  data  and  request/reply  service  from  the 
WMSC  will  be  replaced  with  transmission  and  switching  via  NADIN 
in  the  Near  Term. 
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Early  in  the  Near  Term  time  period,  the  five  (5) 
store-and-forward  ARTCCs  and  the  dedicated  transmission 
facilities  from  the  other  ARTCCs  to  these  five  ARTCCs  will  be 
replaced  with  dedicated  transmission  facilities  from  each  ARTCC 
to  the  CFCCC  for  the  transfer  of  flow  movement  data.  Later 
during  the  Near  Term,  a  NADIN  Enhancement  will  also  provide 
transmission  and  switching  to  replace  the  dedicated  facilities 
from  the  twenty  (20)  ARTCCs  to  the  CFCCC  for  flow  control  data 
transmission.  Flow  control  directives  from  the  ATCCC 
(Washington  D.C.)  will  also  be  transmitted  to  each  of  the  ARTCCs 
via  NADIN  in  the  Near  Term. 

NOAA  satellite  pictures  from  SFSSs  will  continue  to  be 
transmitted  to  each  of  the  ARTCCs  via  facsimile  over  dedicated 
tranmission  facilities. 

Far  Term  En  Route  Facilities 


NADIN  Enhancements  will  be  introduced  in  the  Far  Term  to  provide 
all  computer-to-computer  transmission  between  ARTCC  computers, 
and  between  ARTCC  computers  and  all  ARTS  IIIA  and  ARTS  II  TRACON 
computers  via  NADIN  facilities  for  active  flight  plan  and 
handoff  data  transfer.  At  some  ARTS  IIIA  locations,  TIDS  will 
replace  the  FDIO  subsystem,  introduced  in  the  Near  Term,  and  act 
as  a  front-end  processor  for  the  ARTS  IIIA  processor  in  the  Far 
Term.  NADIN  will  continue  to  provide  the  interface  to  FDIO 
terminal  equipment  in  all  other  facilities  as  in  the  Near  Term. 

The  three  teletypewriter  networks  (Area  B,  Utility  B  and  Center 
B)  and  the  FAATC's  NASNET,  which  were  replaced  with  NADIN  in  the 
Near  Term,  remain  configured  as  in  the  Near  Term. 
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Weather  charts  provided  from  the  NMC  via  a  dedicated  facsimile 
circuit  to  each  ARTCC  will  be  replaced  in  the  Far  Term.  These 
weather  charts  will  be  provided  by  the  WMSC/AWP  to  the  CWSU  at 
the  ARTCC  via  NADIN  in  the  Far  Term. 

Weather  radar  data  presently  furnished  by  the  NWS  weather  radar 
sites  will  be  replaced  with  weather  radar  data  obtained  from 
NEXRAD.  A  2400  bps  (minimum)  dedicated  data  channel  will  be 
used  for  transmitting  this  weather  data. 

Following  the  introduction  of  the  dual  common  digitizer  (CD-2) 
at  en  route  surveillance  sites,  enhancements  to  the  Direct 
Access  Radar  Channel  (DARC)  equipment  at  the  ARTCC  and  the 
availability  of  acceptable  digital  weather  radar  data,  broadband 
search  and  beacon  data  currently  transmitted  via  the  FAA-owned 
RML  system  will  be  eliminated  as  backup  in  the  Far  Term. 

Terminal  Discrete  Address  Beacon  Systems  (DABS)  will  be 
introduced  at  some  ARTCC  facilities  in  the  Far  Term. 

Transmission  from  the  DABS  site  to  the  en  route  ARTCC  will  be 
via  up  to  four  (4)  dedicated  channels  for  surveillance  data.  Up 
to  three  (3)  communication  channels  will  be  provided  from  those 
same  DABS  sites  for  transfer  of  ATARS  messages  between  the  ARTCC 
and  the  DABS  site. 

Weather  data  and  Request /Reply  service  provided  by  the  WMSC  to 
the  ARTCC  will  be  provided  by  the  consolidated  WMSC/AWP  in  the 
Far  Term. 

NQAA  Satellite  pictures  will  be  transmitted  by  digital  facsimile 
to  the  ARTCCs  via  NADIN.  Due  to  the  high  data  transmission  rate 
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required  for  digital  facsimile,  this  requirement  may  impose  a 
severe  technical  requirement  on  the  NADIN  system. 

Potential  And  Longer  Range  En  Route  Facilities 

Several  potential  and  longer  range  improvements  are  planned  for 
en  route  facilities.  ARTCC  to  ARTS  II  site  transmission  will  be 
the  same  as  in  the  Far  Term  time  period  with  the  exception  of 
the  interface  to  the  ARTS  II  computer  which  may  be  via  the 
Terminal  Information  Display  System  (TIDS).  TIDS  may  replace 
the  FDIO  Subsystem  and  act  as  a  front-end  processor  for  the  ARTS 
II  processor.  Transmission  from  ARTCC  to  VFR  Towers  associated 
with  ARTS  IIIA  TRACONs  will  also  be  via  the  TIDS  system. 

The  Discrete  Address  Beacon  System  (DABS)  will  be  introduced  in 
en  route  surveillance  sites  following  the  en  route  ATC  computer 
replacement.  Transmission  from  the  en  route  DABS  site  to  the 
ARTCC  will  be  via  up  to  four  (4)  dedicated  4800  bps  channels. 

Data  link  communications  between  surveillance  sites  and  ARTCCs 
will  also  be  introduced  as  a  potential  and  longer  range  en  route 
facility  improvement.  Up  to  three  (3)  dedicated  4800  bps 
channels  will  be  provided  between  the  DABS  processor  and  a 
front-end  processor  at  the  ARTCC. 

Data  communications  are  planned  between  Maintenance  Processor 
Systems  (MPS)  which  will  be  introduced  in  the  Near  and  Far  Term 
time  periods.  These  communications  are  not  fully  defined  at 
this  time.  However,  NADIN  is  expected  to  carry  this  traffic  in 
the  future. 
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9. 1.1. 2  TRACON/Tower  Facilities  Improvements 

The  TRACON/Tower,  or  terminal,  data  communications  are  comprised 
of  the  following  services;  TRACON  to  ARTCC,  TRACON  to  TRACON, 
surveillance  sites  to  TRACON,  automated  TRACON  to  towers  and 
ARTCC  data  to  FDEP  equipment  in  TRACONS.  Some  basic  assumptions 
which  were  used  in  describing  the  terminal  data  communications 
are  listed  in  Table  9-3.  The  descriptions  of  data 
communications  facilities  used  during  the  three  periods  of 
interest,  Current,  Near  Term  and  Far  Term,  are  contained  in 
Table  9-4.  An  illustration  of  the  configuration  for  each  of  the 
three  time  periods  is  shown  in  Figures  9-4,  9-5,  and  9-6. 
Clarifying  information  is  included  in  the  next  three 
subparagraphs. 

Current  TRACON/Tower  Facilities 


The  ARTCC  to  TRACON  data  transfer  is  described  in  Section 
9. 1.1.1,  En  Route  Facilities  Improvements,  for  both 
computer-to-computer  data  transfer,  as  well  as  low-speed  flight 
strip  data  transfer  over  FDEP  circuits. 

TRACON  to  TRACON  data  transfer  is  provided  over  some 
transmission  paths  by  what  is  known  as  "tower  en  route” 
control.  Data  is  relayed  through  one  or  more  en  route 
computers.  No  additional  transmission  lines  are  required  as  the 
normal  ARTS  III  to  ARTCC  and  ARTCC  to  ARTCC  channels  are  used 
for  tower  en  route  control. 

Surveillance  and  beacon  data  are  transmitted  as  broadband  data 
to  each  type  of  TRACON  (ARTS  III,  ARTS  II  and  TPX-42). 
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TABLE  9-3 

ASSUMPTIONS  FOR  TRACON/TOWER  FACILITIES  DATA  COMMUNICATIONS 


1.  Tower  en  route  operation  will  continue  to  occur  between  adjacent 
terminals  operating  under  the  same  or  adjacent  centers. 

2.  DABS  will  be  implemented  at  ARTS  IIIA  and  ARTS  II  sites  in  the 
Far  Term. 

3.  ARTS  IIIA  and  ARTS  II  TRACONs  will  receive  digitized 
surveillance  data  from  terminal  surveillance  sites  (DABS)  in  the 
Far  Term. 

4.  Transfer  of  digitized  surveillance  data  to  an  ARTS  IIIA  TRACON 
in  the  Far  Term  will  be  via  four  4800  bps  lines. 

5.  Broadband  surveillance  data  will  not  be  used  when  digitized 
surveillance  data  is  available. 

6.  The  ARTS  IIIA  and  ARTS  II  TRACONs,  which  utilize  digitized 
surveillance  data,  will  have  digital  displays  or  will  use  video 
reconstitutors  with  time  shared  analog/digital  displays. 

7.  In  the  Far  Term,  ARTS  IIIA  towers  will  have  Tower  Cab  Digital 
Displays  (TCDDs) . 

8.  In  the  Far  Term,  DABS  data  link  capability  will  be  available  at 
ARTS  IIIA  and  ARTS  II  sites  equipped  with  DABS. 

9.  Three  4800  bps  channels  will  be  provided  from  a  terminal 
surveillance  site  to  ARTS  IIIA  and  ARTS  II  sites  for  data  link. 

10.  No  redundancy  will  be  provided  for  the  data  channels  from 
surveillance  sites  to  terminals. 

11.  All  TRACONs  (ARTS  IIIA,  ARTS  II  and  TPX-42)  may  have  satellite 
towers. 

12.  Digitized  weather  radar  (NEXRAD)  will  be  provided  in  the  Far 
Term  for  ARTS  IIIA  only. 
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V  virtu's  A 


FIGURE  M 

NEAR  TERM  TRACON/TOWER  DATA  COMMUNICATIONS 
CONNECTIVITY  DIAGRAM 


FAR  TERM  TRACOtt/Tl 
CONMEI 


Data  for  BRITE  displays  at  towers  are  transmitted  from  each  of 
the  three  different  types  of  TRACONs  (ARTS  III,  ARTS  II  and 
TPX-42)  as  broadband  data. 

VOR/VORTAC  status  Information  is  transmitted  to  the  tower 
facilities  over  dedicated  transmission  facilities. 

Near  Term  TRACON/TOWER  Facilities 

The  ARTCC  to  TRACON  data  transfer  is  described  in  Section 
9. 1.1.1,  En  Route  Facilities  Improvements. 

TRACON  to  TRACON  data  transfer  will  continue  to  be  provided  over 
some  transmission  paths  by  "tower  en  route"  control  in  the  Near 
Term. 

Surveillance  and  beacon  data  continue  to  be  transmitted  to  ARTS 
HIA  and  ARTS  II  sites  as  broadband  data. 

Towers  associated  with  ARTS  IIIA  TRACONs  will  be  equipped  with 
the  Tower  Cab  Digital  Displays  (TCDD)  in  the  Near  Term.  A 
dedicated  2400  bps  circuit  will  be  used  to  transfer  display  data 
from  an  ARTS  IIIA  TRACON  to  these  towers.  ARTS  II  towers  will 
continue  to  use  BRITE  displays-  Broadband  data  will  be 
transmitted  to  the  BRITE  displays  from  the  ARTS  II  sites. 

BCAS  desensitization  and  controller  advisory  messages  will  be 
transmitted  over  a  2400  bps  dedicated  channel  from  ARTS  IIIA 
sites  to  RBX  sites  in  the  Near  Term. 

Flow  control  directives  from  the  ATCCC  (Washington  D.C.)  will  be 
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transmitted  to  DTEs  in  the  20  ARTCC3  and  17  high  activity  ATCTs 
via  NADIN  in  the  Near  Term. 

Far  Term  TRAC0N/T0WER  Facilities 


Data  trnsmission  between  ARTCCs  and  TRACONs  is  described  in 
Section  9. 1.1.1,  En  Route  Facilities  Improvements. 

TRAOON  to  TRAOON  data  transfer,  including  concentration  and 
switching,  will  be  provided  along  some  routes  by  "tower  en 
route"  control.  Concentration  and  switching  are  provided  by 
NADIN  in  the  Far  Term.  However,  the  NADIN  interface  to  ARTS 
IIIA  terminals  in  Far  Term  will  be  via  TIDS. 

Terminal  DABS  will  be  introduced  in  the  Far  Term  at  ARTS  IIIA 
and  ARTS  II  sites.  Digitized  surveillance  and  beacon  data  will 
be  transmitted  from  the  DABS  surveillance  sites  to  the  ARTS  IIIA 
and  ARTS  II  sites  via  up  to  four  dedicated  4800  bps  circuits. 
Adjacent  terminal  DABS  sites  will  also  be  interconnected  in  the 
Far  Term  via  a  dedicated  transmission  facility  for  the 
interchange  of  ATARS  multi-site  coordination  messages  and  data 
link  failure  messages. 

Data  link  service,  including  ATARS,  will  be  provided  from  the 
terminal  DABS  processor  to  the  ARTS  IIIA  and  ARTS  II 
processors.  Up  to  three  (3)  dedicated  4800  bps  channels  are 
used  for  transmission  of  data  link  communications  data. 

In  the  Far  Term,  towers  associated  with  an  ARTS  IIIA  site  will 
receive  not  only  digital  aircraft  surveillance  data,  but  also 
digital  weather  radar  data  via  a  dedicated  2400  bps  channel. 
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Towers  associated  with  ARTS  II  and  TPX-42  replacement  facilities 
continue  to  use  BRITE  displays  in  the  Far  Term.  Broadband  data 
will  be  transmitted  to  the  BRITE  displays. 

BCAS  desensitization  and  controller  advisory  messages  will 
continue  to  be  sent  from  ARTS  IIIA  sites  to  RBX  sites,  as  In  the 
Near  Term. 

NEXRAD  weather  radar  data  are  provided  to  the  ARTS  IIIA  TRACONs 
over  a  dedicated  2400  bps  data  channel  in  the  Far  Term. 

Dedicated  channels  are  provided  from  JAWOS  sites  to  TRACONs  and 
towers  for  the  transmission  of  local  weather  data. 

Potential  and  Longer  Range  Terminal  Facilities 

Tower  cab  digital  displays  (TCDD)  may  be  introduced  at  towers 
associated  with  ARTS  II  TRACON  sites  in  the  1990s.  A  dedicated 
2400  bps  channel  will  be  used  to  transmit  tower  display  data  to 
the  TCDD  from  the  ARTS  II  TRACON.  Another  dedicated  2400  bps 
channel  will  be  used  to  transmit  weather  radar  data  to  the  TCDDs. 

9. 1.1. 3  ATCCC  Improvements 

The  Air  Traffic  Control  Command  Center  (ATCCC),  (Reference  9-1), 
dat.  immunicat ions  are  comprised  primarily  of  the  following 
services:  ARTCC  to  Central  Flow  Control  Computer  Complex 
(CFCCC),  CFCCC  to  ATCCC  (Washington  D.C.),  ATCCC  (Washington 
D.C.)  to  ATCCC  (St.  Luke’s,  Jacksonville,  Florida),  ATCCC  (St. 
Luke's)  to  ARTCC  and  NWS  to  ATCCC.  Some  basic  assumptions  which 
were  used  In  describing  the  ATCCC  data  communications  are  listed 


9-42 


in  Table  9-5.  Descriptions  of  the  data  communications 
facilities  for  the  three  periods  of  interest,  Current,  Near  Term 
and  Far  Term  are  contained  in  Table  9-6. 

Illustrations  of  the  configurations  for  the  Current  and  Near 
Term  time  periods  are  shown  in  Figures  9-7  and  9-8.  Changes  in 
the  ATCCC  configuration  for  the  Far  Term  have  not  been  defined. 
Clarifying  information  is  contained  in  the  following  three 
subparagraphs. 

Current  ATCCC  Facilities 


Flow  control  flight  movement  information  is  provided  to  the 
CFCCC  through  five  selected  ARTCCs  with  store  and  forward 
capability.  A  dedicated  2400  bps  channel  is  provided  from  each 
of  the  five  ARTCCs  to  the  CFCCC.  Flow  control  data  from  the 
remaining  15  ARTCCs  are  transmitted  to  these  five  ARTCCs,  using 
the  normal  ARTCC-ARTCC  data  channels.  This  flow  control  data  is 
then  relayed  to  the  CFCCC. 

Flow  control  flight  movement  data  is  provided  to  the  ATCCC 
(Washington  D.C. )  from  the  CFCCC  via  two  dedicated  4800  bps 
channels.  The  ATCCC  located  in  Washington  D.C.  transmits  flight 
movement  directives  to  the  ATCCC  located  in  the  St.  Luke's 
facility  in  Jacksonville,  Florida,  via  facsimile.  This  flow 
control  information  is  then  transmitted  from  ATCCC  (St.  Luke's) 
to  the  AFTN/Center  B  switch  at  NATCOM  over  the  AFTN  network. 

The  Center  B  network  is  then  used  to  transfer  flow  control 
information  to  each  of  the  ARTCCs.  Flow  control  information  to 
FSSs  is  sent  via  the  Area  B  network. 
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TABLE  9-5 

ASSUMPTIONS  FOR  ATCCC  FACILITY  DATA  COMMUNICATIONS 


1.  The  current  transfer  of  flow  control  Information  from  the  ATCCC 
(Washington,  D.  C.)  to  ARTCCs  accomplished  by  Center  B  and  AFTN 
will  be  replaced  by  NADIN  in  the  Near  Term. 

2.  The  current  CFCCC  interface  with  the  ATCCC  (Washington,  D.C.) 
over  two  dedicated  4800  bps  lines  will  be  replaced  by  NADIN  in 
the  Near  Term. 

3.  Emergency  Operating  Facilities  in  Martinsburg,  West  Virginia  and 
at  the  Atlanta  ARTCC  will  serve  as  backup  to  the  ATCCC 
(Washington,  D.C.).  These  facilities  will  not  be  fully 
operational  until  the  Near  Term. 
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FIGURE  9-7 

CURRENT  ATCCC  DATA  COMMUNICATIONS 
CONNECTIVITY  DIAGRAM 
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CONNECTIVITY  DIAGRAM 


Weather  data  from  NWS  (WX  radar,  WX  charts,  satellite  maps,  WX 
forecasts  and  high  winds  forecasts)  are  transmitted  over 
dedicated  facsimile  lines  and  a  high  speed  teletypewriter 
circuit.  Radar  data  from  37  weather  radar  sites  can  be  accessed 
via  3  dial-up  lines  to  facsimile  equipment  in  the  ATCCC 
(Washington  D.C.) 

Near  Term  ATCCC  Facilities 


The  transmission  of  flight  movement  directives  between  the  ATCCC 
(Washington  D.C.)  and  ARTCCs  by  facsimile  circuits  and  the 
Center  B  teletypewriter  network  in  the  current  system  is 
replaced  by  NADIN.  The  ATCCC  (Washington  D.C.)  is  connected 
directly  to  the  ATCCC  (St.  Luke's)  facility  by  two  (2)  dedicated 
4800  bps  lines.  The  ATCCC  (St.  Luke’s)  facility  is  connected  to 
a  NADIN  concentrator,  whereby  access  to  all  ARTCCs  is  obtained. 

Flow  control  flight  movement  data  from  each  ARTCC  is  sent  to  the 
CFCCC  through  NADIN.  Transfer  of  flow  control  data  from  CFCCC 
to  the  ATCCC  (Washington  D.C.)  is  via  the  NADIN  switch  without 
going  through  concentrators.  Flow  control  data  will  divide 
between  the  two  NADIN  switches. 

Emergency  Operating  Facilities  (EOF)  in  Atlanta,  Ga.  and 
Martinsburg,  W.  Va.  will  be  established  in  the  Near  Term  time 
period  as  backup  facilities  for  the  ATCCC  (Washington  D.C.) 
facility.  Each  of  these  EOFs  will  be  connected  to  the  ATCCC 
(St.  Luke's)  facility  with  dedicated  4800  bps  lines  for  transfer 
of  flight  control  directives  to  ARTCCs  and  FSSs  via  NADIN. 

The  weather  radar,  weather  charts,  and  satellite  maps  will 
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continue  to  be  sent  from  NWS  to  the  ATCCC  (Washington  D.C.)  as 
in  the  current  system.  However,  weather  observations  and 
forecasts  from  WMSC  will  be  transferred  from  the  WMSC  to  the 
ATCCC  (Washington  D.C.)  facility  via  NADIN. 

Far  Term  ATCCC  Facilities 

ATCCC  data  transmission  in  the  Far  Term  will  be  the  same  as  in 
the  Near  Term. 


9. 1.1. 4  Flight  Service  Facility  Improvements 

Flight  Service  Facilities  data  communications  are  primarily 
Involved  in  the  accumulation  and  organization  of  a  weather  data 
base,  interactive  communications  with  user  terminals  and  the 
filing  of  flight  plans  and  transmission  of  various 
administrative  messages.  Some  basic  assumptions  used  in 
describing  the  Flight  Service  data  communications  are  listed  in 
Table  9-7.  Descriptions  of  the  data  communications  facilities 
used  for  the  three  periods  of  interest,  Current,  Near  Term  and 
Far  Term  are  provided  in  Table  9-8.  Illustrations  of  the 
connectivity  required  in  each  time  period  are  shown  in  Figures 
9-9,  9-10  and  9-11,  respectively.  A  discussion  of  each  of  these 
time  periods  is  included  in  the  following  subparagraphs. 

Current  Flight  Service  Facilities 

In  the  current  Flight  Service  environment,  pilots  generally 
request  weather  and  flight  planning  information  over  the  counter 
at  a  FSS,  or  by  telephone,  or  via  a  Service  A  terminal  located 
at  a  remote  site,  e.g. ,  airline  office,  fixed  base  operation, 


TABLE  9-7 


ASSUMPTIONS  FOR  FLIGHT  SERVICE  FACILITIES 
DATA  COMMUNICATIONS 

Initial  NADIN  will  replace  the  Area  B,  Center  B,  NASNET,  AFTN  and 
Utility  B  networks  and  provide  data  transmission  capability  for 
their  subscribers.  In  addition,  NADIN  will  interface  with  the 
WMSC,  NWS  network,  ATCCC  (Interim)  and  Service  A  (Req/Reply) 
Network  for  ARTCCs. 

NADIN  1A  provides  data  communications  for  the  FDIO  subsystem,  the 
Service  A  (Req/Reply)  Network  for  AFSSs,  the  AWP  to  FSDPS  portion 
of  the  Model  II  FSS  automation  program,  and  the  NFDC/IS 
(Interim),  in  addition  to  the  requirements  of  Initial  NADIN. 

NADIN  Enhancements  —  In  addition  to  the  data  communications 
requirements  of  Initial  NADIN  and  NADIN  1A,  NADIN  Enhancements 
provide  data  communications  for  Computer  B  network,  and 
interfaces  with  the  NFDC/IS  (Final),  ATCCC  (Final)/CFCCC,  RMMS 
(MPS-MPS),  Data  Link,  and  other  DOT  data  communications  networks. 

MAPS  and  AWANS  will  be  phased  out  by  the  Model  II  FS  Automation 
Program  in  the  Near  Term. 

Model  I  FS  Automation  Program  does  not  utilize  NADIN. 

The  AWP  will  be  consolidated  with  the  WMSC  functions  in  the  Far 
Term. 
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TABLE  9-8 

WEATHER  AND  FLIGHT  SERVICE  FACILITIES  -  DATA 
COMMUNICATIONS  IMPROVEMENTS  SUMMARY 


users  (various  rates). 
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etc.  Once  flight  plans  are  prepared,  they  are  filed  into  the 
ARTCC  (IFR  flights)  or  to  the  destination  FSS  (VFR  flights) 
through  the  Area  B  network. 

In  the  Current  systems,  Figure  9-9,  the  Weather  Message 
Switching  Center  (WMSC)  collects  weather  data  from  FSSs,  from 
the  National  Weather  Service  -  National  Meteorological  Center, 
(NMC),  from  Weather  Service  Forecast  Offices  (WSFO),  from  the 
Air  Force  Digital  Weather  System  (ADWS),  and  from  other 
collection  points.  These  data  are  organized  by  the  WMSC  and 
transmitted  to  all  FSSs  over  the  Service  A  teletypewriter 
network.  These  data  are  maintained  in  the  FSSs  on  clipboards 
and  are  referred  to  in  pilot  briefings  by  the  FSS  specialist. 

Digitized  2D  weather  data  from  NWS  weather  radars  and  en  route 
surveillance  sites  are  transmitted  to  some  FSSs  over  dedicated 
2400  bps  lines.  Military  weather  data  will  be  transferred  from 
the  Air  Force  Digital  Weather  Service  (Carswell  AFB)  to  the  WMSC 
via  dedicated  1200  bps  lines. 

Weather  maps  from  NWS  (NMC)  are  obtained  at  FSSs  via  dedicated 
facsimile  circuits  tailored  to  the  needs  of  their  specialized 
function.  NOAA  satellite  pictures  are  also  transmitted  to  the 
FSSs  via  facsimile  circuits. 

VORTAC/NDB  status  information  is  transmitted  to  FSSs  over 
dedicated  lines  in  the  Current  time  period. 

Access  to  the  NOTAM  data  base  at  NATCOM  in  Kansas  City  is  via 
dedicated  1200  bps  leased  lines  from  NFDC  (Washington  D.C. ) 
terminals.  The  NOTAM  data  base  is  stored  on  two  computer 
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systems.  Domestic  NOTAMs  are  stored  in  the  WMSC  computer  system 
and  international  NOTAMs  are  stored  in  the  AFTN  computer 
system.  Domestic  NOTAMs  are  issued  by  FSSs  and  are  transmitted 
to  the  WMSC  data  base  via  the  Service  A  network.  The  NFDC 
(Washington  D.C. )  also  issues  domestic  NOTAMs  concerning 
unpublished  regulatory  information.  These  are  transmitted  to 
the  WMSC  data  base  via  dedicated  leased  lines. 

International  NOTAMs  will  be  received  over  the  AFTN  network  from 
foreign  nations  at  the  AFTN  data  base  in  Kansas  City.  U.S. 
International  NOTAMs  will  be  transmitted  by  the  NFDC  to  the  AFTN 
data  base  via  dedicated  leased  lines. 

Near  Term  Flight  Service  Facilities 

The  Near  Term  will  see  the  initiation  of  the  Flight  Service 
Automation  System  (FSAS)  program  (References  9-8,  9-9,  and 
9-10),  Figure  9-10.  In  this  period,  the  Model  I  FSS  functions 
will  be  automated  with  the  introduction  of  14  Flight  Service 
Data  Processing  Systems  (FSDPS),  located  at  selected  ARTCCs,  and 
41  Automatic  Flight  Service  Stations  (AFSS)  located  at  existing 
level  III  facilities  while  the  manual  FSSs  will  continue  to 
operate  at  the  remaining  locations. 

Later  in  the  Near  Term,  Model  II  FSAS  will  be  introduced.  Six 
(6)  additional  FSDPSs  will  be  installed  at  the  remaining  ARTCC 
locations.  The  number  of  AFSSs  will  be  increased  to  56  with  43 
of  these  being  located  at  existing  FSS  locations.  Two  Aviation 
Weather  Processors  (AWP)  will  be  installed  to  provide 
centralized  weather  data  base  maintenance. 
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Interactive  access  to  weather  data  base  for  weather  briefings 
and  filing  of  flight  plans  will  be  provided  to  the  FSDPS  via 
dedicated  lines  from  Direct  User  Access  Terminals  (DUAT). 

During  this  time  period,  NADIN  will  take  over  the  transmission 
functions  of  the  Service  A  and  Area  B  Networks  in  accumulating 
weather  data  and  filing  flight  plans. 

Weather  radar  data  will  continue  to  be  transmitted  from  NWS 
weather  radar  or  en  route  surveillance  sites  to  FSSs  as  in  the 
Current  time  period.  However,  weather  radar  data  to  AFSSs  will 
be  transmitted  over  dedicated  2400  bps  lines  via  the  FSDPS  in 
the  Near  Term. 

Weather  maps  from  NWS  (NMC)  will  continue  to  be  obtained  via 
dedicated  facsimile  circuits  at  FSSs  and  AFSSs.  During  the 
Model  II  phase  of  the  FSAS  program  these  dedicated  facsimile 
circuits  to  the  AFSSs  will  be  replaced.  The  NMC  will  then 
transmit  digital  weather  map  data  directly  to  the  AWP,  then  it 
will  be  forwarded  to  the  FSDPS  via  NADIN  to  be  stored  in  its 
data  base  for  later  use  by  the  AFSSs. 

NOTAMs  and  Airmen's  Information  will  be  transmitted  between  NFDC 
(Washington  D.  C. )  terminals  and  the  newly  established  Interim 
Consolidated  NOTAM  System  (CNS)  via  NADIN  1A. 

In  the  Near  Term  time  period,  the  WMSC  to  NWS  (NMC)  weather  data 
transfer  via  the  Service  A  network  will  be  replaced  by  NADIN. 

The  Service  A  Multi-point  circuits  which  interconnect  the  WSFOs 
to  the  WMSC  will  be  replaced  by  the  AFOS  network  in  the  Near 
Term.  The  WSFOs  will  transmit  local  weather  data  to  the  NMC 
over  this  AFOS  network.  The  NMC  will  then  transmit  this  data  to 
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the  WMSC  via  NADIN 


International  NOTAM  information  will  be  transmitted  between  NFDC 
and  the  International  AFTN  switch  via  NADIN  in  the  Near  Term 
replacing  the  dedicated  lines  used  in  the  Current  time  period. 

NOAA  satellite  pictures  will  continue  to  be  trasmitted  via 
dedicated  facsimile  circuits  from  SFSS  to  both  FSSs  and  AFSSs. 

Far  Term  Flight  Service  Facilities 

In  the  Far  Term  the  weather  data  base  functions  of  the  WMSC  and 
Aviation  Weather  Processor  (AWP)  will  be  consolidated  into  the 
AWP  facility.  Three  additional  FSDPSs  will  be  installed  at  San 
Juan,  Honolulu  and  Anchorage  along  with  5  additional  AFSSs. 
Weather  observations  will  continue  to  be  made  by  other  FAA 
personnel  (e.g.  tower  personnel),  contracted  personnel,  NWS 
personnel  or  automated  equipment  at  FSS  facilities.  Data 
communications  for  these  system  elements  will  be  provided  by 
NADIN. 


Pilot  access  to  the  FSDPS  in  the  Far  Term  will  be  through  the 
use  of  dial-up  access  terminals  as  in  the  Near  Term. 

In  the  Far  Term,  a  permanent  CNS  will  be  set  up  at  the  NADIN 
switch  location  in  Atlanta  for  NOTAM  and  Airmen’s  Information 
collection  and  distribution.  Message  transfer  between  NFDC 
terminals  and  the  permanent  CNS  will  be  via  NADIN. 

NOAA  satellite  pictures  will  be  transmitted  over  dedicated  lines 
to  the  WMSC/AWP  and  then  via  NADIN  to  the  FSDPS  for  later 
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distribution  to  the  associated  AFSSs.  Due  to  the  high  data  rate 
required  for  digital  facsimile,  this  may  result  in  a  technical 
problem  for  NADIN. 


NOTAMs  and  Airmen's  Information  will  be  transmitted  from  the 
NFDC  (Washington  D.C.)  terminals  to  the  Permanent  Consolidated 
NOTAM  System  in  Atlanta  via  NADIN  for  both  NOTAM  and  Airmen's 
Information  collection  and  distribution  in  the  Far  Term. 

9.1.2  Data  Communications  Networks 


The  current  FAA  data  communications  capability  is  characterized 
by  the  use  of  a  number  of  separate  independent  networks. 

Efforts  are  currently  underway  to  combine  these  separate 
capabilities  into  a  single  network,  the  National  Airspace  Data 
Interchange  Network  (NADIN),  which  will  meet  the  varied  needs  of 
present  FAA  operations  and  provide  capacity  for  growth  to 
accommodate  future  requirements  as  they  develop.  This  section 
will  describe  the  current  networks,  the  NADIN  concept  and  how 
NADIN  will  meet  the  FAA  needs  for  data  communications. 

9. 1.2.1  Current  Data  Communications  Network 


Current  FAA  data  communications  are  illustrated  in  Figure  9-12. 
Each  network  (Area  B,  Center  B,  NASNET,  Service  A,  AFTN,  etc.) 

1 8  shown  together  with  the  primary  facilities  served  and  the 
element  which  controls  it.  Although  most  of  the  networks  are 
teletypewriter  networks,  there  is,  In  general,  no  automatic 
interconnection  between  them.  The  principal  characteristics  of 
these  networks  are  listed  below. 
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PIOIMI  ^11 

CUflAtNT  DATA  COMMUNICATIONS 


Area  B  and  Supplemental  B  Circuits 


The  Area  B  network  is  generally  used  for  exchanging  flight 
planning  information  and  various  types  of  administrative 
messages-  The  network  consists  of  five  (5)  medium  speed 
circuits  to  other  computers  (e.g.  AFTN,  MAPS,  AWANS)  and  50 
multipoint  circuits  terminating  over  300  terminals  located  at 
FSSs,  ARTCCs  and  other  FAA  facilities.  All  terminals  are  Model 
28  series  teletypewriters  or  compatible  equipments.  Control  of 
each  circuit  as  well  as  exchange  of  traffic  between  circuits  is 
performed  by  the  Automated  Service  B  Data  Interchange  System 
(ABDIS)  located  at  Kansas  City,  Missouri. 

Supplemental  B  circuits  are  provided  to  relieve  the  high  traffic 
load  at  certain  high  density  Area  B  terminations.  In  general, 
the  terminal  equipments  are  Model  28  send/receive 
teletypewriters. 

Center  B 


The  Center  B  network  interconnects  the  20  ARTCCs  within  the 
conterminous  U.S.,  and  is  used  for  the  interchange  of  flight 
movement  information.  The  network  consists  of  nine  circuits 
interconnecting  the  ARTCCs.  All  terminals  are  Model  28 
teletypewriter  equipment.  Control  of  the  circuits  and 
interchange  of  traffic  between  them  is  handled  by  the  AFTN 
switch  at  NATCOM  in  Kansas  City,  Missouri. 

NAS NET 


Another  teletypewriter  network  is  the  NASNET  which  interconnects 


the  automated  ARTCCs,  selected  ARTS  III  sites,  all  regional 
offices  and  FAA  Headquarters  with  the  FAA  Technical  Center. 
This  network  is  used  for  the  exchange  of  information  pertinent 
to  the  operations  of  the  en  route  automation  computers.  The 
network  consists  of  two  multipoint  circuits  and  a  controller 
located  at  NATCOM  in  Kansas  City,  Missouri. 

Service  A 


The  Service  A  network  interconnects  teletypewriters  and  some 
medium  speed  (1200  or  2400  bps)  terminals  at  facilities  which 
collect  or  use  weather  data.  The  network  is  specialized  in  that 
it  handles  primarily  weather  data.  Weather  observations  and 
related  messages  are  prepared  at  FSSs  on  punched  paper  tape  and 
are  inserted  in  the  teletypewriter's  tape  reader.  The  Weather 
Message  Switching  Center  (WMSC)  polls  these  stations  and 
collects  their  reports.  The  WMSC  then  organizes  this  weather 
data  and  distributes  it  to  user  locations.  Some  users,  such  as 
the  ARTCCs,  nave  Request /Reply  (R/R)  service  which  allows  them 
to  obtain  specific  weather  information  on  request. 

AFTN 


The  Aeronautical  Fixed  Telecommunications  Network  (AFTN) 
provides  for  the  exchange  of  international  flight  movement 
information,  administrative  messages,  and  meteorological  data 
between  locations  in  the  U.S.  and  in  the  International  Civil 
Aviation  Organization  (ICAO)  member  nations.  The  terminals  are 
Model  28  teletypewriter  equipment,  but  they  use  a  code  which  is 
slightly  different  than  that  used  commonly  in  the  United  States. 
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While  che  AFTN  is  international,  the  United  States  operates  a 
switching  center  at  Kansas  City  (NATCOM).  The  AFTN  switch  at 
NATCOM  is  a  major  one  providing  the  interconnection  between  some 
110  circuits  to  points  in  the  conterminous  U.S.,  San  Juan, 
Honolulu,  Anchorage,  Balboa  and  other  foreign  countries. 


Utility  B 

Utility  B  circuits  are  a  combination  of  the  circuits  previously 
known  as  Military  B  and  Carrier  B.  They  are  used  for  filing 
flight  plans  for  general  coordination  between  the  centers  and 
the  principal  users.  The  terminals  are  Model  28  teletypewriter 
equipment.  Control  of  the  Utility  B  circuits  is  done  by  the 
Automatic  Polling  Unit  Low  Speed  (APULS)  equipment. 

FDEP 

FDEP  circuits  terminated  at  each  center  provide  for  the  entry  of 
flight  plans  and  the  distribution  of  flight  strips  to  TRACONs 
and  Towers  within  the  center's  area  of  coverage.  The  terminals 
operate  in  a  mode  and  at  a  rate  similar  to  teletypewriters, 
however,  the  code  is  the  EBCDIC  code  used  in  the  en  route 
automation  processors.  Control  of  these  circuits  is  provided  by 
the  en  route  automation  processors. 

NAS  to  NAS 


Medium  speed  circuits  are  used  between  adjacent  ARTCCs  and 
between  ARTCCs  and  TRACONs  for  the  exchange  of  data  between 
computers.  These  circuits  operate  at  2400  bits  per  second,  full 
duplex,  and  utilize  the  EBCDIC  code  of  the  en  route  automation 


9-73 


computers* 


Radar 


Beacon  and  surveillance  data  are  transmitted  from  the  remote 
radar  sites  to  the  ARTCC  NAS  9020  computers  via  2400  bps  data 
channels*  Beacon  and  surveillance  radar  display  data  are 
transmitted  to  the  TRACONs  and  Tower  “BRITE”  displays  on  video 
bandwidth  channels  via  Radar  Microwave  Links  (RML),  or  coaxial 
cables* 

9. 1.2. 2  National  Airspace  Data  Interchange  Network  (NADIN) 

The  National  Airspace  Data  Interchange  Network  (NADIN)  will 
provide  data  communications  service  to  all  users.  Thun,  it  will 
provide  the  capability  for  message  exchange  between  users  who 
are  presently  terminated  on  separate  networks.  Users  such  as 
the  FSSs  and  the  ARTCCs,  which  presently  have  several  terminals 
because  they  require  access  to  several  different  networks,  will 
be  able  to  consolidate  their  operations,  assigning  terminals  for 
operator  convenience  rather  than  network  compatibility.  The 
NADIN  will  provide  code,  speed,  and  format  conversion  necessary 
to  make  the  unlike  terminal  equipments  compatible.  Introduction 
of  the  NADIN  will  provide  the  following  improvements  for  the 
data  communications  users: 

1.  Unlike  the  present  system  which  consists  of  a  number 
of  independent  networks,  NADIN  will  allow  any  user  to 
communicate  with  any  other  user. 


9-74 


2.  The  number  of  terminals  at  some  locations  may  be 
reduced . 

3.  By  providing  automatic  codes,  speed  and  format 
conversion,  traffic  may  be  exchanged  among  existing 
terminals  which  are  now  incompatible. 

4.  The  number  of  terminals  on  a  multipoint  circuit  will 
be  reduced,  thereby  reducing  the  waiting  time  to  use  the 
circuit. 

5.  By  concentration,  the  long  haul  circuits  will  be  used 
much  more  efficiently,  thereby  reducing  the  system 
operating  costs. 

6.  Use  of  error  detection  and  correction  techniques  on 
trunks  will  eliminate  most  transmission  errors. 

7.  The  system  will  maintain  a  record  of  all  traffic 
handled.  This  may  be  used  to  trace  messages,  to  analyze 
traffic  load  patterns,  and  provide  a  basis  for  identifying 
requirements  for  future  growth. 

8.  The  system  will  maintain  a  copy  of  all  accountable 
message  traffic  in  classes  that  might  be  required  for 
future  retrieval. 

9.  The  system  will  provide  the  means  for  substituting 
faster  or  more  sophisticated  terminals  as  the  need  for  such 
terminals  develops. 
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10.  NADIN  will  monitor  each  terminal,  will  detect  failures 
In  some  terminals  and  alert  user  to  failure,  where  possible* 

NADIN  Network 


NADIN  will  operate  In  a  network  as  Illustrated  In  Figure  9-13. 
The  network  will  Include  two  message  switching  centers:  one 
located  at  Atlanta,  Georgia,  the  other  at  Salt  Lake  City,  Utah, 
and  23  concentrators,  one  located  with  each  ARTCC,  including 
Anchorage,  Honolulu  and  San  Juan.  The  message  switches  will 
accept  messages  from  originating  stations,  store  them  and 
transmit  them  to  destination  stations  in  sequence  by  age  and 
priority.  The  concentrators  will  provide  code  and  speed 
compatibility  required  for  the  variety  of  terminal  devices  and 
will  concentrate  all  user  traffic  to  efficiently  use  trunk 
facilities  to  the  message  switch.  The  functional  relationship 
between  the  concentrators  and  message  switches  is  shown  in 
Figure  9-14. 

NADIN  Program  Plan 

The  NADIN  implementation  has  been  divided  into  three  phases, 
referred  to  as  NADIN,  NADIN  1A,  and  NADIN  Enhancements.  In  each 
level  certain  classes  of  traffic  will  be  transferred  into  the 
NADIN  network.  In  general,  these  categories  of  traffic,  and  the 
terminals  of  origination  and  termination  are  identified  by  the 
network  which  presently  handles  them.  Where  new  categories  of 
traffic  are  to  be  absorbed  by  NADIN,  they  are  identified  by 
indicating  the  destinations  served.  The  NADIN  levels  and  the 
categories  of  traffic  for  each  are  indicated  in  Table  9-9. 
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FIGURE  9-13 

INITIAL  NADIN  CONFIGURATIONS 


MESSAGE  SWITCH 


CHECK  FORMAT 

REJECT  TO  ORIGINATOR 
ROUTE  TO  INTERCEPT  POSITION 
DETERMINE  ROUTING 
FORM  MESSAGE  QUEUES 
FORM  JOURNAL 
FORM  MESSAGE  FILE 
DETECT  FAILURES 

AUTOMATICALLY  RECONFIGURE 
AUTOMATICALLY  RESTART 
DETECT  SYSTEM  FAILURES 

AUTOMATICALLY  DIAL  UP  TRUNKS 
ACCEPT  DIAL  IN  CONNECTIONS 
RELOAD  CONCENTRATORS 
PERFORM  TRUNK  PROTOCOL 
INTERFACE  HI (31  LEVEL  USERS 


TO  OTHER  MESSAGE  SWITCH 


DIAL  UP  -  DIAL  IN 


TO  OTHER  CONCENTRATORS 


TO  HIGH  LEVEL  USERS 


CONCENTRATOR 


PERFORM  TRUNK  PROTOCOL 
CONCENTRATE  AND  DISTRIBUTE  TRAFFIC 
ACCEPT  DIAL  IN  CONNECTIONS 
ACCEPT  RELOAD 

PERFORM  CODE/ FORMAT  CONVERSION 
POLL  MULTIPOINT  TERMINALS 
INTERFACE  VARIOUS  TERMINAL  TYPES 
PERFORM  VARIOUS  PROTOCOLS 
OPERATE  UNATTENDED 
CONC.  TO  CON C.  SWITCHING 


TO  OTHER 
CONCENTRATORS 


USER  TERMINAL  LINES 


FIGURE  9*14 

NADIN  SUBSYSTEM  FUNCTIONS 
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TABLE  9-9 


TRAFFIC  HANDLED  BY  NADIN 


TRAFFIC  CATEGORY 


INITIAL  NADIN 

NADIN  1A 


Area  B*  X 
Center  B*  X 
NASNET*  X 
AFTN*  X 
Utility  B*  X 
Service  A  Req/Reply  (ARTCC)  X 
WMSC  Interface*  X 
NWS  Interface*  X 
ATCCC  (Interim)*  X 
Canadian  AFTN*  X 
ARINC  Data  Network  Interface*  X 
NFDC/IS  (Interim)* 


FS  Automation  System  (Model  II)* 

FDIO* 

Service  A  Req/Reply  (AFSS) 

NFDC/IS  (Final)* 

Advanced  Flow  Control  (ATCCC  ( Final )/CFCCC) 
Computer  B  Center  to  Center 
Computer  B  Center  to  Terminal 
Modernized  Weather  Service  (Req/Reply) 

RMMS  (MPS  to  MPS) 

9020  Replacement 

DABS/Data  Link 

DOT  Data  Comm.  Networks 


X 

X 

X 

X 


NADIN 

ENHANCEMENTS 


X 

X 

X 

X 

X 

X 

X 

X 

X 


♦Approved  for  Implementation  by  FAA 
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The  basic  switching  capabilities  of  NADIN  are  improved  and 
expanded  in  each  phase  of  the  NADIN  program.  These  basic 
switching  capabilities  are  outlined  below: 


Initial  NADIN  a.  Concentrator  to  concentrator  switching 
via  the  NADIN  switch. 

b.  Concentrator  to  NADIN  switch 
transmission  rate  -  4800  bps. 

NADIN  1A  a.  Concentrator  to  concentrator  switching 

via  the  NADIN  switch. 

b.  Internal  switching  within  concentrator 
provided,  if  NADIN  is  not  accountable  for 
journaling,  e.g.,  FDIO  system. 

c.  Concentrator  to  NADIN  switch 
transmission  rate  increased  to  9600  bps. 

NADIN  Enhancements 


a.  Same  as  NADIN  1A  capability 

b.  Additional  concentrator  to  concentrator 
switching  provided  -  method  of 
implementation  is  not  defined. 

Both  NADIN  and  NADIN  1A  will  be  implemented  during  the  Near  Term 
period.  NADIN  Enhancements  will  be  initiated  during  the  Near 
Term,  but  will  be  implemented  throughout  the  Far  Term  time 
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period.  Data  communications  as  of  the  end  of  the  Near  Term 
period  will  be  as  shown  in  Figure  9-15.  It  should  be  noted  that 
during  this  period  the  Model  1  FSAS  program  will  be 
implemented.  Under  this  program,  data  communications  to  and 
from  the  Automated  Flight  Service  Stations  (AFSSs)  will  be 
routed  through  FSDPS.  NADIN  will  not  be  used  by  the  Model  1 
FSAS.  The  Model  2  FSAS  will  provide  further  automation  through 
incorporation  of  the  Aviation  Weather  Processor  (AWP),  further 
refinement  of  the  FSDPS,  and  a  gradual  phase  out  of  the 
non-automated  FSSs.  The  Direct  User  Access  Terminal  (DWAT) 
System  will  also  be  introduced  in  the  Near  Term. 

Data  communications  in  the  Far  Term  will  be  as  shown  in  Figure 
9-16.  During  this  period,  further  automation  of  the  FSS 
environment  occurs  and  the  WMSC  will  be  merged  into  the  AWP. 

DABS  will  be  introduced  in  the  terminal  environment.  NEXRAD 
will  also  be  Introduced  during  the  Far  Term. 

During  the  Far  Term  time  period,  it  is  assumed  that  all 
surveillance  data  will  be  transmitted  in  digital  form  from  both 
en  route  and  terminal  surveillance  sites  over  conventional  voice 
bandwidth  circuits.  Broadband  video  surveillance  Information 
transmitted  via  coaxial  cable  or  microwave  facilities  in  the 
Near  Term  will  either  be  replaced  with  new  surveillance 
equipment  (DABS,  ARSR-9,  etc.)  or  eliminated  as  backup  equipment 
for  existing  digital  surveillance  facilities. 

9.1.3  Tentative  Data  Communications  Implementation  Schedule 

Current  planning  la  to  implement  NADIN  following  the  schedule 
shown  in  Figure  9-17. 
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FIGURE  t-U 

FAR  TERM  DATA  COMMUNICATIONS 
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9.1.4  Data  Communications  Facilities  Interface  Planning  Summary 


In  the  preparation  of  this  chapter  it  was  necessary  to  make,  or 
accept,  a  number  of  assumptions  as  to  what  improvements  would  be 
implemented,  when  they  would  be  implemented,  how  they  would 
function  in  a  particular  facility,  and  how  they  would  interact 
with  other  facilities.  This  section  identifies  assumptions  and 
areas  of  uncertainty  by  what  are  called  "System  Integration 
Issues. " 

The  Integration  Issue  cited  below  was  identified  during  the 
preparation  of  this  document  and  was  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  this  issue  was 
undertaken  by  a  joint  System  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issue  and  assumptions 
stated  below  are  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  early  December  1980.  The 
reader  is  cautioned  to  check  for  recent  changes  in  the  status  of 
this  issue  before  forming  any  final  conclusions. 

The  integration  issue  assumption  pertinent  to  Data 
Communications  Facilities  is: 

Issue  905:  NADIN  Interface  With  TIDS  and  ARTS 


ARD-200  will  provide  NADIN  interface  requirements  for  TIDS 
and  ARTS  III  to  ARD-100  to  insure  that  the  TIDS/ARTS  III 
terminal  system  has  an  appropriate  front-end  processor  and 
can  accept  the  NADIN  addressing  scheme. 
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9.2  Voice  Communications 


This  section  describes  the  communications  facilities  that 
provide  both  air/ground  and  ground/ground  voice  communications 
for  FAA  ATC  facilities  operating  in  CONUS.  Air/ground 
communications  facilities  provide  voice  communications  between 
FAA  operated  ATC  facilities  and  aircraft.  Ground /ground 
communications  facilities  provide  voice  communications  between 
FAA  operated  ATC  facilities  (and  some  non-FAA  operated  user 
locations,  such  as  military  base  operations  offices  and  airline 
dispatch  offices),  and  among  FAA  personnel  within  an  ATC 
facility.  This  description  emphasizes  those  communications 
facilities  directly  related  to  the  provision  of  ATC  services. 
Administrative  communications  such  as  those  provided  by  the 
Federal  Telecommunications  System  (FTS)  are  not  addressed. 

Air/ground  Communications  Facilities  provide  connectivity 
between  aircraft  and  the  en  route  and  terminal  air.  traffic 
controllers  through  whose  sectors  the  aircrafts  fly.  Other 
air/ground  facilities  provide  connectivity  between  aircraft  and 
Flight  Service  Station  (FSS)  specialists  who  maintain  radio 
contact  with  the  pilot  for  the  communication  of  flight  plan, 
weather,  NOTAM,  PIREP,  NAVAID  status  and  other  en  route  advisory 
information.  In  addition,  there  are  continuous  scheduled  and 
unscheduled  alr/ground  broadcasts. 

The  ground/ground  Communications  Facilities  provide  connectivity 
among  the  en  route  centers,  terminal  facilities,  flight  service 
facilities  and  other  non-FAA  operated  facilities  such  as 
military  base  operations  offices  and  airline  dispatch  offices. 
The  ground/ground  voice  communications  system  also  provides 
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intra-facillty  connectivity  between  controllers  (specialists) 
and  their  supervisory  personnel.  In  addition,  the  ground/ground 
system  provides  pilots  (on-the-ground)  with  access  to 
controllers  (specialists)  and  voice-recorded  information. 

9.2.1  Voice  Communications  Improvements  Summary 

Various  improvements  in  the  FAA  voice  communications  facilities 
are  in  the  planning  or  implementation  stages.  This  section 
identifies  major  functional  areas  and  the  improvements  planned 
for  each  of  these  areas.  These  improvements  are  briefly 
described  for  each  of  the  major  FAA  environments  (En  Route, 
Terminal  and  FSS)  in  each  of  the  time  periods  (Current,  Near 
Term  and  Far  Term)  referenced  throughout  this  document. 

9. 2. 1.1  En  Route  Improvements 

A  summary  of  the  basic  voice  communications  functions  and  the 
proposed  improvements  in  voice  communications  facilities  and 
equipment  for  the  en  route  environment  is  shown  in  Table  9-10. 
This  table  briefly  outlines  the  en  route  air/ground  (A/G)  and 
ground/ground  (G/G)  voice  communications  facilities  and 
equipment  in  the  current  time  period,  and  the  improvements  which 
are  planned  for  implementation  in  the  Near  Term  and  Far  Term 
time  periods  which  support  these  basic  voice  communications 
functions. 

Air/ground  communications  between  en  route  controllers  and 
aircraft  are  accomplished  through  FAA-owned  radio  control 
systems  at  ARTCCs,  Remote  Center  Air-Ground  (RCAG)  sites  with 
VHF/UHF  transmitters/receivers  and  antennas,  and  the  associated 
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TABLE  9-10 

EN  ROUTE  FACILITIES  VOICE  COMMUNICATIONS  IMPROVEMENTS  SUMMARY 


lines  and  signaling,  monitoring,  reconfiguration  and  trunk 
restoral  subsystems. 


Until  recently,  RCAGs  have  exclusively  used  vacuum  tube 
transmitters  and  receivers.  A  solid-state  transmitter/receiver 
modernization  program  is  nearly  complete  to  replace  the  old 
vacuum  tube  transmitters  and  receivers  with  solid  state 
equipment  in  all  RCAGs. 

Another  improvement  in  A/G  communications  facilities  in  the  en 
route  environment  is  the  implementation  of  the  next  generation 
UHF/VHF  antennas.  Requirements  for  increased  A/G  channel 
assignment  with  narrower  bandwidth  (25  KHz)  and  the  use  of  lower 
transmitter  power  (10  watts  instead  of  50  watts)  has  led  to  the 
establishment  of  new  FAA  antenna  standards  (Reference  9-12). 
These  new  standards  incorporate  state-of-the-art  antennas  which 
are  radomed  and  stacked,  in  some  cases.  The  current  antenna 
replacement  program  is  ongoing  and  will  continue  through  the 
Near  Term  time  period. 

The  FAA-owned  voice  frequency  signaling  and  control  equipment 
which  is  currently  operational  at  the  ARTCCs  and  associated 
RCAGs  has  proven  to  be  costly  to  maintain  due  to  its  obsolete 
technology.  According  to  current  plans,  the  Voice  Switching  and 
Control  System  (VSCS)  (Reference  9-13)  will  replace  this  voice 
frequency  signaling  and  control  equipment  with  solid  state 
equipment.  This  improvement  is  scheduled  for  implementation 
beginning  in  the  Near  Term  with  completion  in  the  Far  Term  time 
period.  Although  VSCS  concepts  are  being  finalized  at  this 
time,  one  of  the  concepts  incorporates  inband  digital  signaling 
for  the  transmission  of  control  signals  and  out-of-band 
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signaling  for  the  transmission  of  status  and  monitored  data 
(including  remote  certification  data)  to  replace  the  present 
voice  frequency  signaling  and  control  equipment.  VSCS  will  also 
provide  automatic  reconfiguration  and  trunk  restoral  capability 
as  a  replacement  for  similar  manual  capabilities.  The 
introduction  of  VSCS  with  inband  signaling  in  the  Near  Term  time 
period  will  also  eliminate  the  requirement  for  1142  conditioned 
transmission  facilities  between  the  ARTCC  and  the  associated 
RCACs.  A  significant  annual  savings  in  the  cost  of  transmission 
facilities  will  be  achieved  through  the  use  of  unconditioned 
transmission  facilities.  Radio  position  equipment  for 
controllers  at  en  route  ARTCCs  will  be  provided  in  the  Far  Term 
and  will  not  be  part  of  the  initial  voice  frequency  and  control 
equipment  replacement  program  of  VSCS. 

Another  en  route  improvement  in  the  Near  Term  is  in  the  area  of 
remote  maintenance  monitoring.  Currently,  monitoring, 
reconfiguration  and  trunk  restoral  functions  for  air/ground 
communications  are  done  manually  in  most  facilities.  However, 
some  facilities  have  a  monitoring/automatic  trunk  restoral 
system  called  the  Line  Automatic  Sensing  and  Switching  (LASS) 
system.  This  system  was  found  to  be  too  expensive  for 
widespread  use  by  the  FAA  and  is  currently  being  removed  from 
the  facilities  that  it  services.  The  monitoring  function  will 
be  enhanced  in  the  Near  Term  by  the  implementation  of  the  Remote 
Maintenance  Monitoring  System  (RMMS)  at  sterile  RCAGs,  i.e., 
RCACs  not  colocated  with  other  FAA  electronic  facilities.  Other 
RCAGs  will  be  implemented  in  the  Far  Term.  The  RMMS  consists  of 
a  Maintenance  Processor  System  (MPS)  located  at  the  ARTCC  or 
Airway  Facilities  Sector  Office  and  Remote  Monitoring  Systems 
(RMS)  located  at  remote  radio  sites.  This  system  is  part  of  an 
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overall  program  for  remote  maintenance  and  monitoring  of  RCAGs, 
surveillance  sites,  and  VORTACs.  The  RCAG— Remote  Monitoring 
System  (RMS)  in  conjunction  with  MPS  will  provide  automatic 
monitoring  of  operational  equipment,  environmental  conditions 
and  alarms  for  the  en  route  environment.  Remote  certification, 
record  keeping,  trend  analysis  and  data  base  capability  will 
also  be  provided. 

Although  RCAGs  provide  the  primary  air-ground  communications 
outlets  for  the  ARTCCs,  the  FAA  currently  utilizes  the  BUEC 
(Back-Up  Emergency  Communications)  system  as  a  backup  to  the 
RCAG  sites.  Many  BUEC  transceivers  are  located  at  en  route 
radar  sites.  ARTCC-BUEC  site  connectivity  is  accomplished  by 
Radar  Microwave  Links  (RML)  and  dedicated  leased  telephone 
facilities.  In  the  Near  Term,  the  BUEC  system  will  be  modified 
to  provide  BUEC  priority  indications  to  the  controllers.  These 
indicators  at  the  position  console  identify  the  availability  of 
specific  BUEC  sites  which  may  be  used  to  provide  back-up 
frequencies  to  a  controller  at  a  particular  sector.  BUEC  will 
also  interface  with  the  VSCS  during  the  Near  Term  time  period. 

The  en  route  ground— ground  voice  communications  system  consists 
of  the  networks  that  connect  the  en  route  center  to  other  FAA 
facilities,  the  internal  ARTCC  intercom  communications  system 
connecting  controller  to  controller  and  to  supervisor,  the 
switching/signaling  systems,  and  systems  conducting  monitoring, 
reconfiguration  and  trunk  restoral  functions.  The  set  of 
dedicated  circuits  that  currently  connect  the  en  route  centers 
to  other  FAA  facilities  is  generally  referred  to  as  the  Service 
F  interphone  network.  This  private  network  provides  the 
connectivity  between  any  ARTCC  facility  and  other  FAA  facilities 
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in  the  conterminous  U.S.  It  also  provides  connectivity  between 
an  ARTCC  facility  and  other  non-FAA  facilities  such  as  military 
base  operations  offices  and  airline  dispatch  offices. 

The  ground/ground  voice  switching  and  signaling  functions 
currently  performed  at  en  route  centers  are  provided  by  the  WECO 
300  Key  System.  This  is  electromechanical  type  equipment  leased 
from  AT&T.  The  monitoring,  reconfiguration  and  trunk  restoral 
functions  are  currently  performed  manually  from  patch  panels  by 
cross-connections.  The  en  route  portion  of  the  VSCS  program 
anticipated  for  the  ARTCCs  will  replace  the  WECO  300  key 
systems.  This  Implementation  is  scheduled  to  begin  during  the 
Far  Term  time  period. 

9. 2. 1.2  TRACON/Tower  Improvements 

A  summary  of  the  improvements  in  voice  communications  facilities 
and  equipment  for  the  TRACON/Tower  environment  is  shown  in  Table 
9-11.  This  table  briefly  outlines  the  TRACON/Tower  air/ground 
(A/G)  and  ground/ground  (G/G)  voice  communications  facilities 
and  equipment  in  the  current  time  period,  and  the  improvements 
which  are  planned  for  implementation  in  the  Near-Term  and  Far 
Term  time  periods  which  support  these  basic  voice  communications 
functions. 

Air/ground  communications  between  TRACON/Tower  controllers  and 
aircraft  are  accomplished  through  FAA-owned  radio  control 
systems  at  TRACONs /Towers  and  either  local  VHF/UHF 
transmitters/receivers  or  Remote  Transmitter/Receiver  (RTR) 
sites.  Until  recently,  the  TRACON/Tower  A/G  facilities  have 
exclusively  used  vacuum  tube/relay  radio  equipment.  A 
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modernization  program  is  currently  underway  to  replace  vacuum 
tube  transmitters  and  receivers  with  solid-state  equipment  for 
all  TRACON/Tower  facilities.  This  program  is  ongoing  and  is 
scheduled  for  completion  in  the  Far  Term.  Another  planned 
improvement  in  A/G  communications  facilities  in  the  terminal 
environment  is  the  implementation  of  the  next  generation  of 
VHF/UHF  antennas.  Requirements  for  increased  A/G  channel 
assignments  with  narrower  bandwidth  (25  KHz)  and  the  use  of 
lower  transmitter  power  (10  watts  instead  of  50  watts)  has  led 
to  the  establishment  of  new  FAA  antenna  standards  (Reference 
9-12) .  These  new  standards  incorporate  state-of-the-art 
antennas  which  are  radomed  and,  in  some  cases,  stacked.  The 
current  antenna  replacement  program  will  continue  throughout  the 
Near  Term  and  into  the  Far  Term. 

The  VSCS  program  will  provide  equipment  to  replace  the  FAA-owned 

l 

voice  frequency  signaling  and  control  equipment  which  is 
currently  operational  at  TRACON/Tower  sites  and  their  associated 
local  and  remote  transmitter/receiver  (RTR)  sites.  The  present 
equipment  has  proven  to  be  costly  to  maintain  due  its  obsolete 
technology  and  will  be  replaced  by  the  solid-state  VSCS 
equipment  beginning  in  the  Near  Term  time  period. 

Implementation  will  not  be  completed  until  the  Far  Term.  The 
VSCS  program  plans  to  refine  the  technology  developed  in  the 
Small  Voice  Switching  System  (SVSS)  program  and  utilize 
equipment  based  on  this  refined  technology  to  replace  the  radio 
voice  frequency  signaling  and  control  equipment,  as  well  as  the 
ground/ground  voice  communications  equipment,  in  low-activity 
towers  and  TRACONs.  This  system  is  planned  to  be  an  integrated 
radio  and  G/G  voice  system  which  provides  the  signaling, 
switching,  monitoring,  reconfiguration  and  trunk  restoral  for 
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both  the  radio  and  G/G  voice  functions.  Initial  implementation 
in  the  terminal  environment  will  begin  in  the  Near  Term  with  a 
small  number  (13)  of  large  TRACON  locations.  Implementation  at 
other  locations  will  continue  through  the  Far  Term  time  period. 

Transmission  facilities  between  the  TRACON/Tower  sites  and  their 
associated  RTR  sites  are  currently  point-to-point  unconditioned 
lines  with  a  small  number  of  1142  conditioned  lines*  VSCS  will 
provide  automatic  reconfiguration  of  communications  facilities. 

The  TRACON/Tower  ground-ground  voice  communications  with  other 
facilities  are  currently  provided  via  the  Service  F  network. 

The  voice  switching  and  signaling  is  currently  done  by  the  WECO 
301  and  associated  signaling  equipment  at  high  activity 
facilities  or  by  small  key  systems  such  as  the  WECO  1A1  at  low 
level  facilities.  Like  the  WECO  300,  the  WECO  301  and  1A1  key 
systems  are  electromechanical  type  equipment.  The  mot.'toring, 
reconfiguration  and  trunk  restoral  functions  are  currently  done 
manually  via  patch  panels  or  cross-connections.  It  is 
anticipated  that  the  initial  implementation  of  the  integrated 
radio  and  G/G  voice  VSCS  in  the  terminal  environment  will  be 
started  in  the  Near  Term  to  replace  the  existing 
electromechanical  equipment.  The  refined  version  of  the  SVSS 
system  may  also  be  used  to  replace  the  G/G  and  A/G 
communications  equipment  in  low-activity  TRACONs  and  towers. 
These  implementations  are  not  scheduled  for  completion  until  the 
Far  Term. 

9. 2. 1.3  FSS  Improvements 

A  summary  of  the  improvements  planned  for  voice  communications 
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in  flight  service  station  facilities  is  shown  in  Table  9-12. 

The  table  briefly  describes  the  FSS  A/G  and  G/G  communications 
facilities  in  the  current  time  period  and  the  Improvements  which 
are  expected  to  be  implemented  in  the  Near  Term  and  the  Far 
Term.  In  the  Near  Term,  fifty-six  (56)  FSS  facilities  will  be 
established  with  automation  aids  and  will  be  referred  to  as 
Automated  Flight  Service  Stations  (AFSS).  The  automation  data 
base  and  data  processing  capability  will  be  provided  at  14 
Flight  Service  Data  Processing  Systems  (FSDPS)  located  at 
selected  ARTCCs  in  CONUS.  In  the  Far  Term,  three  (3)  additional 
FSDPSs  will  be  implemented  at  San  Juan,  Honolulu  and  Anchorage, 
along  with  five  more  AFSSs.  Air/ground  (A/G)  communications 
between  the  FSS  specialists  and  aircraft  is  accomplished  through 
local  VHF/UHF  transmitters  and  receivers  and  transceivers  or 
transmitters/receivers  located  at  remote  sites.  Dedicated 
point-to-point  transmission  facilities  connect  the  FSSs  to  these 
radio  sites. 

Direction  Finder  (DF)  equipment  and  facilities  are  also  provided 
at  selected  FSSs  which  are  used  for  locating  lost  aircraft.  An 
ongoing  improvement  program  will  provide  new  Doppler  Direction 
Finding  (DF)  equipment  in  both  the  FSSs  and  associated  remote  DF 
sites.  This  initial  DF  program  will  provide  equipment  for  122 
new  DF  sites.  The  implementation  is  scheduled  for  completion  in 
the  Near  Term  time  period.  A  oubsequent  DF  program  will  provide 
replacement  DF  equipment  for  the  173  currently  operational 
sites.  This  program  is  scheduled  for  implementation  during  the 
Far  Term. 

FSSs  also  monitor  navigational  aids  (NAVAIDs).  These  NAVAIDs 
which  include  VORs,  VORTACs  and  Nondirectional  Beacon  (NDB) 
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sites,  have  the  capability  to  broadcast  live  and  recorded 
weather  and  airport  information,  including  Transcribed  Weather 
Broadcasts  (TWEB)  and  Notice  to  Airmen  (NOTAM). 

Most  FSS  A/G  facilities  currently  use  vacuum  tube/relay  radio 
equipment.  A  modernization  program,  currently  underway  to 
replace  the  vacuum  tube  transmitters  and  receivers  with  solid 
state  equipment  will  be  completed  in  the  Far  Term.  New  UHF/VHF 
antennas  (Reference  9-12)  will  be  deployed  in  the  A/G 
communications  facilities  associated  with  Flight  Service 
Stations.  This  FSS  antenna  replacement  program  is  also 
scheduled  for  completion  in  the  Far  Term  time  period.  New 
transmitters  will  also  be  implemented  at  NDB/VOR  sites  for  TWEB 
operation. 

The  VSCS  program  will  provide  solid  state  radio  control 
equipment  for  the  61  AFSSs  and  the  associated  remote  radio 
sites.  Interim  communications  for  the  first  12  to  15  AFSSs  must 
be  provided  since  VSCS  for  the  AFSSs  will  not  be  available  at 
the  time  of  the  initial  AFSS  cutovers.  The  VSCS  program  will 
also  provide  the  equipment  required  in  each  of  the  non-automated 
FSSs  to  permit  part-time  FSS  operation,  although  implementation 
of  VSCS  ground/ground  voice  and  radio  control  equipment  in 
non-automated  FSSs  is  not  planned.  The  monitoring, 
reconfiguration  and  trunk  restoral  functions  that  are  currently 
done  manually  in  the  FSSs  will  be  automated  in  the  AFSSs  with 
the  advent  of  VSCS. 

FSS  ground/ground  voice  communications  with  other  facilities  are 
currently  provided  via  the  Service  F  network.  Voice  switching 
and  signaling  for  both  intercom  and  interphone  calls  is 
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currently  provided  by  key  equipment  (such  as  the  leased  WECO  1A1 
key  system). 

The  introduction  of  VSCS  in  the  FSS  environment  is  planned 
during  the  Near  Term  which  will  replace  the  electromechanical 
and  vacuum-tube  radio  and  G/G  voice  control  equipment  with  an 
integrated  solid  state  switching  system.  VSCS  will  provide 
automatic  reconfiguration  and  trunk  restoral  which  are  currently 
done  manually. 

Monitoring  of  remote  site  VSCS  equipment  will  also  be  provided 
by  VSCS.  Implementation  of  VSCS  in  FSSs  will  be  initiated 
during  the  Near  Term  time  period  with  completion  scheduled  for 
the  Far  Term. 

9.2.2  Voice  Communications  Connectivity 

Figures  9-18,  9-19  and  9-20  illustrate  the  connectivity  of  the 
FAA's  voice  communication  system  in  the  Current,  Near  Term  and 
Far  Term  time  periods,  respectively.  Current  FAA  voice 
communications  are  shown  in  Figure  9-18.  The  Service  F  private 
line  interphone  network  is  shown  with  the  primary  control  and 
remote  facilities  served. 

FAA  voice  communications  connectivity  in  the  Near  Term  time 
period  is  shown  in  Figure  9-19.  During  the  Near  Term  time 
period,  VSCS  will  be  introduced  into  the  en  route  (voice 
frequency  signaling  and  control  equipment  replacement  only), 
terminal  and  FSS  environments  to  replace  the  present 
electromechanical  key  equipment  and  the  vacuum  tube/relay  radio 
control  equipment.  VSCS  equipment  will  be  implemented  in  some 
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of  Che  new  AFSS  sices  during  Chis  Cime  period  wiCh  completion 
scheduled  during  Che  Far  Term  Cime  period.  ImplemenCaCion  of 
Che  MainCenance  Processor  SysCem  (MPS)  and  RemoCe  MoniCoring 
SysCem  (RMS)  will  be  iniCiaCed  in  Che  en  rouCe  environmenC 
during  chis  cime  period.  Solid  sCaCe  cransmiCCers  and  receivers 
will  be  implemenCed  in  Che  Near  Term  in  mosC  remoCe  radio 
sices.  ImplemenCaCion  will  be  compleced  during  Che  Far  Term 
Cime  period.  InlCiaCion  of  Che  anCenna  replacemenC  program  will 
be  scarced.  New  Doppler  DF  equipment  will  also  be  insCalled  in 
122  new  DF  sices  during  Che  Near  Term. 

Figure  9-20  illusCraCes  Che  FAA  voice  communicaCions 
conneccivicy  in  Che  Far  Term.  Voice  communicaCions  improvemenc 
highlighcs  during  Che  Far  Term  include  compleCion  of  the  VSCS 
program  in  all  FAA  environments,  the  introduction  of  the 
Technical  Control  Subsystem  (TCS)  of  the  VSCS  program  into 
control  facilities,  and  completion  of  the  transmitter/receiver 
and  antenna  replacement  programs. 

9.2.3  Voice  Communications  Tentative  Implementation  Schedule 

Figure  9-21  presents  the  current  implementation  schedule,  and, 
where  known,  the  number  of  sites  affected  by  the  voice 
communications  improvement. 

9.2.4  Voice  Communications  Facilities  Interface  Planning  Summar 

In  the  preparation  of  this  chapter  it  was  necessary  Co  make,  or 
accept,  a  number  of  assumptions  as  Co  what  improvements  would  be 
implemented,  when  they  would  be  Implemented,  how  they  would 
function  in  a  particular  facility,  and  how  they  would  interact 
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with  other  facilities.  This  section  identifies  assumptions  and 
areas  of  uncertainty  by  what  are  called  "System  Integration 
Issues. " 

The  Integration  Issues  cited  below  were  identified  during  the 
preparation  of  this  document  and  were  reviewed  with  the 
appropriate  FAA  program  managers.  Follow-up  on  these  issues  was 
undertaken  by  a  joint  System  Research  and  Development  Service 
and  Airway  Facilities  Service  group.  The  issues  and  assumptions 
stated  below  were  consistent  with  the  issue  descriptions  still 
under  consideration  by  this  group  in  early  December  1980.  The 
reader  is  cautioned  to  check  for  recent  changes  in  the  status  of 
these  issues  before  forming  any  final  conclusions. 

The  integration  issue  assumptions  pertinent  to  Voice 
Communications  Facilities  are: 

Issue  103:  RMMS  Interaction  With  R&D  Products 

The  interfaces  required  between  RMMS  and  other  systems  currently 
being  developed  will  be  established  in  an  evolutionary  manner 
since  these  systems  and  RMMS  are  being  developed  concurrently. 

It  i 8  further  assumed  that  ARD  and  AAF  will  mutually  establish 
both  equipment  parameters  to  be  monitored  and  certification 
parameters  to  be  remoted  for  all  new  systems.  Redundant 
monitoring  and  certification  functions  in  the  RMMS  and  other 
systems  such  as  DABS  and  VSCS,  will  be  eliminated  to  the  extent 
feasible. 
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Issue  104:  1980  Maintenance  Concept  vs.  System  Complexity 

It  Is  assumed  that  the  various  ongoing  and  planned  development 
systems  will  Incorporate  to  the  maximum  extent  possible  the 
1980s  Maintenance  Concept  in  order  to  minimize  the  overall 
manpower  requirements.  This  requirement  is  particularly 
important  in  equipment  developed  for  remote  FAA  facilities. 

Issue  211:  VSCS  -  9020  Relationship 

A  General  Purpose  Input/Output  (GP1/GPO)  peripheral  adapter 
module  (PAM)  will  be  used  to  provide  the  9020  to  VSCS 
interface.  The  VSCS  will  respond  to  reconfiguration  commands 
generated  by  the  9020.  A  VSCS/9020  interface  control  document 
(ICD)  will  be  developed  by  the  VSCS  contractor.  Software 
changes  In  the  9020  that  are  required  to  establish  this 
interface  will  be  kept  to  a  minimum. 

Issue  215:  VSCS  -  Tone  Channeling  Equipment  Interface 

Tone  channel  equipment  for  the  ARTCC/RCAG  environment  will  be 
provided  in  the  initial  technical  data  package  developed  in  the 
VSCS  program.  The  technical  data  package  will  be  delivered  to 
AAF  by  ARD  by  mid  CY  83.  Implementation  is  scheduled  from  the 
third  quarter  of  CY  83  to  the  third  quarter  of  CY  85.  It  is 
assumed  that  AAF  will  not  proceed  with  an  Independent 
development  and  production  of  the  proposed  tone  channel 
equipment . 
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Issue  604:  VSCS  Support  to  AFSSs 

The  assumption  Is  that  VSCS  will  provide  voice  communications 
(radio  and  ground/ground)  for  the  proposed  61  consolidated 
AFSSs,  however,  the  VSCS  program  is  proceeding  slowly  with  the 
FSS  portion  currently  scheduled  for  the  second  Technical  Data 
Package.  The  problem  is  further  complicated  by  the  uncertainty 
about  the  amount  and  kind  of  consolidation  to  be  carried  out  for 
the  AFSSs,  and  the  time  phasing  of  the  consolidations.  VSCS 
contract  award  is  planned  in  early  1982  with  late  1983 
delivery.  Since  the  AFSS  schedule  precedes  this  schedule. 

Interim  communications  must  be  provided  for  the  first  12  to  15 
AFSSs.  VSCS  will  be  implemented  in  these  sites  following  the 
implementation  of  the  other  AFSSs. 

Issue  606;  Voice  Communications  Equipment  for  Non-Automated  FSSs 

The  VSCS  program,  as  presently  structured,  will  not  provide 
radio  or  ground/ground  voice  communications  equipment  for  the 
non-automated  FSSs.  It  is  assumed  that,  in  accordance  with  the 
present  VSCS  specification,  VSCS  will  provide  non-automated  FSSs 
capability  to  remote  both  existing  radio  and  ground/ground  voice 
communications  facilities  back  to  an  associated  AFSS  and  allow 
part-timing  operation  at  the  non-automated  FSS. 

Issue  607:  Part-Time  Use  of  Non-Automated  FSSs 


The  current  VSCS  specification  requires  and  this  description  of 
Voice  Communications  Facilities  assumes  that  both  radio  and 
ground/ground  voice  communications  equipment  and  support  will  be 
provided  to  AFSSs  to  permit  part-time  operation  of  non-automated 
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FSSs.  However,  operators  of  the  Flight  Service  Stations  have 
expressed  reservations  with  regard  to  the  projected  cost  savings 
which  may  be  achieved  from  part-timing. 
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APPENDIX  B 


ABBREVIATIONS  AND  ACRONYMS 


AAAS 

AAF 

AAT 

ABDIS 

ACD 

ACT 

ADWS 

A  EM 

AERA 

AFOS 

AFSS 

AFTN 

A/G 

A/G/A 

AGL 

AIRS 

ALWOS 

ARD 

ARO 

ARSR 

ARTCC 

ARTS 

ASDE 

ASR 

ATARS 

ATCBI 

ATCCC 

ATCRBS 

ATIS 

ATS 

AT&T 

AUTOVON 

AV-AWOS 

AWANS 

AWES 

AWP 

AWS 

AWSS 


Automated  Airport  Advisory  System 
Airway  Facilities  Service 
Air  Traffic  Service 

Automated  Service  B  Data  Interchange  System 

Automatic  Call  Distribution 

FAA  Technical  Center 

Air  Force  Digital  Weather  Service 

Automated  En  Route  Metering 

Automated  En  Route  Air  Traffic  Control 

Automation  of  Field  Operations  and  Services 

Automated  Flight  Service  Station 

Aeronautical  Fixed  Telecommunications  Network 

Air/Ground 

Air  to  Ground  to  Air 
Above  Ground  Level 

Airport  Information  Retrieval  System 

Automated  Low-Cost  Weather  Observation  Systems 

Systems  Research  and  Development  Service 

Airport  Reservation  Office 

Air  Route  Surveillance  Radar 

Air  Route  Traffic  Control  Center 

Automated  Radar  Terminal  System 

Airport  Surface  Detection  Equipment 

Airport  Surveillance  Radar 

Automatic  Traffic  Advisory  and  Resolution  Service 

Air  Traffic  Control  Beacon  Interrogator 

Air  Traffic  Control  Command  Center 

Air  Traffic  Control  Radar  Beacon  System 

Automatic  Terminal  Information  Service 

Automated  Terminal  Services 

American  Telephone  and  Telegraph  Company 

Automatic  Voice  Network 

Aviation  Automated  Weather  Observation  System 

Aviation  Weather  and  NOTAM  System 

Aviation  Weather  System 

Aviation  Weather  Processor 

Air  Weather  Service 

Airborne  Wind  Shear  System 
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I 


BCAS 

BRITE 

BUEC 

CAL 

CARE 

CCC 

CCP 

CCTV 

CD 

CDC 

CED 

CFCF 

CFCCC 

CFWSU 

CGATIS 

CMA 

CNS 

CONUS 

CRD 

CRT 

CS/T 

CTA 

CWPC 

CWSU 

DABS 

DARC 

DCS 

DDD 

DEDS 

DF 

DME 

DR&A 

DTE 

DTG 

DUAT 

DYSIM 

EBCDIC 

E&D 

EFAS 

EM  SAW 

ETABS 

ETIS 

EWEDS 


I 

I 

Beacon  Collision  Avoidance  System 
Bright  Radar  Indicator  Tower  Equipment 

Back-Up  Emergency  Communications  ‘I 

Commercial  Airlines 

Central  Altitude  Reservation  Function 

Central  Computer  Complex 

Contingency  Command  Post 

Closed  Circuit  Television 

Common  Digitizer 

Computer  Display  Channel 

Computer  Entry  Device 

Central  Flow  Control  Function 

Central  Flow  Control  Computer  Complex 

Central  Flow  Weather  Service  Unit 

Computer  Generated  Automatic  Terminal  Information  System 

Control  Message  Automation 

Consolidated  NOTAM  System 

Conterminous  United  States 

Computer  Readout  Device 

Cathode  Ray  Tube 

Combined  Station/Tower 

Calculated  Time  of  Arrival 

Center  Weather  Processing  Complex 

Center  Weather  Service  Unit 

Discrete  Address  Beacon  System 
Direct  Access  Radar  Channel 
Data  Communications  Subsystem 
Direct  Distance  Dialing 
Data  Entry  and  Display  Subsystem 
Direction  Finder 
Distance  Measuring  Equipment 
Data  Recording  and  Analysis 
Data  Terminal  Equipment 
Data  Transmission  Group 
Direct  User  Access  Terminal 
Dynamic  Simulation 

Extended  Binary  Coded  Decimal  Interchange  Code 

Engineering  and  Development 

En  Route  Flight  Advisory  Service 

En  Route  Minimum  Safe  Altitude  Warning  System 

Electronic  Tabular  Display  Subsystem 

Enhanced  Terminal  Information  Services 

En  Route  Weather  Display  System 
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FAATC 

FAD 

FAX 

FDAD 

FDC 

FDEP 

FDIO 

FDP 

F&E 

FP 

FSAS 

FSDPS 

FSH 

FSP 

FSS 

FTS 

FVS 

FX 

GA 

G/G 

GPI/GPO 

GPS 

GOES 

HSP 

HUD 

IAFCS 

ICAO 

I  CD 

IFM 

IFR 

IFSS 

ILS 

IMC 

IOCE 

JAWOS 

LASS 

LF 

LLWSAS 

LORAN 

LRCO 

LSR 

LX 


FAA  Technical  Center 
Fuel  Advisory  Departure 
Facsimile 

Full  Digital  ARTS  Display 
Flight  Data  Center 
Flight  Data  Entry  and  Printout 
Flight  Data  Input  Output  Equipment 
Flight  Data  Processing 
Facilities  and  Equipment 
Flight  Plan 

Flight  Service  Automation  System 
Flight  Service  Data  Processing  System 
Flight  Service  Hub 
Flight  Strip  Printer 
Flight  Service  Station 
Federal  Telecommunications  System 
Flight  Watch  Specialist 
Foreign  Exchange 

General  Aviation 
Ground /Ground 

General  Purpose  Input/Output 
Global  Positioning  System 

Geostationary  Operational  Environmental  Satellite 

High  Speed  Printer 
Head  Up  Display 

Interim  Automated  Flow  Control  System 
International  Civil  Aviation  Organization 
Interface  Control  Document 
Integrated  Flow  Management 
Instrument  Flight  Rules 
International  Flight  Service  Station 
Instrument  Landing  System 
Instrument  Meteorological  Conditions 
Input/Output  Control  Element 

Joint  Automated  Weather  Observation  System 
Line  Automatic  Sensing  and. Switching 
Low  Frequency 

Low  Level  Wind  Shear  Alert  System 

Long  Range  Navigation 

Limited  Remote  Communications  Outlets 

Limited  Surveillance  Radar 

Local  Exchange 
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MAPS 

MIL 

MLF 

MLS 

MPS 

M&S 

MSAW 

MTBF 

MTBR 

MTD 

MTI 

NADIN 

NAFAX 

NAFEC 

NAS 

NAS COM 

NASNET 

NATCOM 

NAVA ID 

NAVSTAR 

NDB 

NEXRAD 

NESS 

NFDC 

NMC 

NOAA 

NORAD 

NOT  AM 

NWS 

OAG 

ORD 

OSEM 

OTC 

PAM 

PATWAS 

PD  ME 

PIREP 

PTD 

PVD 

PWI 


Meteorological  and  Aeronautical  Presentation  System 
Military 

Medium  Low  Frequency 
Microwave  Landing  System 
Maintenance  Processor  System 
Metering  and  Spacing 
Minimum  Safe  Altitude  Warning 
Mean  Time  Between  Failure 
Mean  Time  Between  Repair 
Moving  Target  Detector 
Moving  Target  Indicator 

National  Airspace  Data  Interchange  Network 
National  Facsimile  Circuit 

National  Aviation  Facilities  Experimental  Center 

National  Airspace  System 

National  Aviation  Systems  Communications 

National  Airspace  System  Network 

National  Communications 

Navigational  Aid 

Navigation  System  for  Timing  and  Ranging 

Nondirectional  Beacon 

Next  Generation  Weather  Radar 

National  Environmental  Satellite  Service 

National  Flight  Data  Center 

National  Meteorological  Center 

National  Oceanic  and  Atmospheric  Administration 

North  American  Air  Defense  Command 

Notice  to  Airmen 

National  Weather  Service 

Official  Airline  Guide 
Operational  Readiness  Demonstration 
Office  of  Systems  Engineering  Management 
Over  the  Counter 

Peripheral  Adapter  Module 

Pilot  Automatic  Telephone  Weather  Answering  Service 

Precision  DME 

Pilot  Weather  Report 

Proposed  Time  of  Departure 

Plan  View  Display 

Proximity  Warning  Indicator 


RBX 

RCAG 


Radar  Beacon  Transponder 
Remote  Center  Air-Ground 


RCO 

RCCS 

RCS 

RDAS 

RDF 

RDP 

RML 

RMMS 

RMS 

RNAV 

RRWDS 

R/T 

RTF 

RTQC 

RTR 

RVR 

Rx 

SAC 

SAM 

SAR 

SCC 

SFO 

SFSS 

SMMC 

SRAP 

SRDS 

SS 

SRG 

STC 

SVSS 

SWL 

TABG 

TAC 

TACAN 

TAGS 

TATF 

TCDD 

TCS 

TDDS 

TDP 

TIDS 

TRACAB 

TRACON 

TRSB 


Remote  Communications  Outlet 

Radio  Communications  and  Control  System 

Radio  Communications  Subsystem 

Radar  Data  Acquisition  System 

Radio  Direction  Finder 

Radar  Data  Processing 

Radar  Microwave  Link 

Remote  Maintenance  Monitor  System 

Remote  Monitoring  System 

Area  Navigation 

Radar  Remote  Weather  Display  System 

Receiver/Transmitter 

Radar  Training  Facility 

Real-Time  Quality  Control  (of  Radar) 

Remote  Transmitter/Receiver 
Runway  Visual  Range 
Receiver 

Strategic  Air  Command 

System  Acquisition  Management 

Search  and  Rescue 

(ATC)  System  Command  Center 

Single  Frequency  Outlet 

Satellite  Field  Service  Station 

System  Maintenance  Monitoring  Console 

Sensor  Receiver  and  Processor 

Systems  Research  and  Development  Service 

Solid  State 

Systems  Requirements  Group 
Sensitivity  Time  Control 
Small  Voice  Switching  System 
Severe  Weather  Labs 

Threshold  Alpha  Beta  Gamma 
Tactical  Air  Command 
Tactical  Air  Navigation 

Tower  Automated  Ground  Surveillance  System 

Terminal  Automation  Test  Facility 

Tower  Cab  Digital  Display 

Technical  Control  Subsystem 

Terminal  Data  Display  System 

Technical  Data  Package 

Terminal  Information  Display  System 

Terminal  Radar  Approach  Control,  Tower  Cab 

Terminal  Radar  Approach  Control,  IFR  Room 

Time  Reference  Scanning  Beam 
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TSARC 

TS&S 

TTY 

TWEB 

Tx 

UHF 

VAS 

VASI 

VCS 

VFR 

VHF 

VICON 

VLF 

VMC 

VOR 

VORTAC 

VRS 

VSCS 

VT 

WBRR 

WE  CO 

WFMU 

WMSC 

WSFO 

WSR 

Wx 


Transportation  Systems  Acquisition  Review  Council 

Terminal  Sequencing  and  Spacing 

Teletypewriter 

Transcribed  Weather  Braodcast 
Transmitter 

Ultra  High  Frequency 

Vortex  Advisory  System 
Visual  Approach  Slope  Indicator 
Voice  Communications  Subsystem 
Visual  Flight  Rules 
Very  High  Frequency 

Visual  Confirmation  of  Voice  Takeoff  Clearance 

Very  Low  Frequency 

Visual  Meteorological  Conditions 

Very  High  Frequency  Omnirange  Station 

Colocated  VOR  and  TACAN 

Voice  Response  System 

Voice  Switching  Control  System 

Vacuum  Tube 

Weather  Bureau  Remote  Radar  Recorder 
Weatern  Electric  Company 
Weather  and  Fixed  Map  Unit 
Weather  Message  Switching  Center 
Weather  Service  Forecast  Office 
Weather  Service  Radar 
Weather 
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APPENDIX  C 


INDEX  OF  ATC  SYSTEM  IMPROVEMENTS 


ARTS  IIA 

3. 1.1. 3 

ARTS  I IIA 

3. 1.1. 2,  3.1 

Air  Traffic  Control  Command  Center 
(ATCCC)  Communications  Processor 

5.1. 1.2 

Advanced  Vortex  System  (AVS) 

4.1.4,  4.4 

Air  Route  Surveillance  Radar 
(ARSR-4) 

7.1.1,  7.1.3 

Air  Route  Surveillance  Radar  (ARSR) 
Weather  Channel 

7.1.3 

Airborne  Wind  Shear  System  4.1.2 

( AWSS ) 

Airport  Surface  Detection 
Equipment  (ASDE  -2,  -3) 

Airport  Surveillance  Radar 
(ASR-9) 

Airport  Surveillance  Radar  (ASR) 

Weather  Channel 

Applications  Processor  for  DABS  2. 1.1. 4,  3. 1.1. 4 

Data  Link 


4.1.1,  4.1.3 
7.2.3,  7.3 

7.2.3 


Automated  Airport  Advisory 
System  (AAAS) 

Automated  En  Route  Air 
Traffic  Control  (AERA) 

Automated  Flight  Service  Station 

Automatic  Traffic  Advisory 
and  Resolution  Service 
(ATARS) 


4.1.4 


2. 1.3. 4 


( AFSS)  6. 

2. 1.3. 3,  2. 1.4. 3,  2. 1.4. 4 

3. 1.3. 3,  3.1.4,  3.1. 4. 3, 
7.2.3 
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Automatic  Traffic  Advisory 
and  Resolution  Service  (ATARS) 
Avoidance  Advisories 


2. 1*6. 4,  3. 1.6. 3 


Aviation  Weather  Processor  (AWP) 

Beacon  Collision  Avoidance 
System  (BCAS) 

Center  Weather  Processing 
Complex  (CWPC) 

Center  Weather  Service 
Unit  (CWSU) 

Central  Altitude  Reservation 
Function  (CARF) 

Central  Flow  Control  Function 
(CFCF) 

Central  Flow  Weather  Service 
Unit  ( CFWSU ) 

Cockpit  Display  of  Traffic 
Information  (CDTI) 

Common  Digitizer  (CD-2) 

Computer  Generated  Automatic 
Terminal  Information  Service  (CGATIS) 

Computer  Replacement,  En  Route  ATC 

Computer  Replacement ,  Terminal  ATC 

Conflict  Advisory  Function,  IFR/VFR 

Conflict  Resolution  Advisory 

Contingency  Command  Post 

Control  Message  Automation  (CMA) 

Controller  Sector  Suite  Improvements 


6.1. 3.1 

2. 1.4. 2,  3.1.4,  3. 1.4. 2, 

3. 1.4. 4 

2. 1.2. 4 

2.1. 2.1,  2. 1.2. 2,  2. 1.2. 3 
5.,  5.1.3 

5.,  5.1. 1.1,  5. 1.1. 2,  5. 1.1. 3 

5.1.5 

8.1. 2. 5 

7.1.1,  7.1.2 

4.1.2 

2. 1.1. 4 

3.1. 1.4 

2. 1.4. 2 

2. 1.4.2,  3.1.4 

5.1.4 

2. 1.5. 4,  3.1. 5.3 

2. 1.2. 4 
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Data  Terminal  Equipment 

(DTE)  for  the  ATC  Command  Center 

5.1. 1.2 

Direct  Access  Radar  Channel 
(DARC) 

2.1. 1.1,  2. 1.1. 2,  2. 1.1. 4 

Direction  Finding  Equipment 

Replacement 

9. 2. 1.3 

Discrete  Address  Beacon  System 
(DABS) 

2. 1.3. 3,  2. 1.4. 3,  2. 1.4. 4, 

3. 1.3. 3,  3.1.4,  3. 1.4. 3, 
7.2.3 

Discrete  Address  Beacon  System  (DABS) 

Data  Link 

2. 1.1. 4,  2.1. 5.4,  3. 1.5. 3 

4.1.4,  9.1. 1.1,  9.1. 1.2 

Display  of  Digital  Data 

3. 1.2. 3,  3. 1.3. 3 

Electronic  Tabular  Display 

Subsystem  (ETABS) 

2. 1.1.3,  2.1. 2.3,  2.1. 2.4 

En  Route  Metering 

2.1.7,  2.1. 7.1,  2.1. 7.2, 
2.1. 7.3 

En  Route  Weather  Display  System 
(EWEDS) 

2. 1.2. 2 

Enhanced  Terminal  Information  Service 
(ETIS) 

3.1. 5.3,  4.1.3 

Expanded  DABS/Data  Link  Communications 

9.1. 1.1,  9.1. 1.2 

Flight  Data  Input  Output  Equipment 
(FDIO) 

2. 1.2. 2,  2.1.3. 3,  3. 1.2. 2, 

3. 1.3. 2,  4.1.2 

Flight  Service  Data  Processing 

System  (FSDPS) 

6.1. 3. 2 

Flight  Service  Station  -  Model  1 

Digitized  Weather  Radar 

6.2.9 

Flight  Plan  Processing 

6. 1. 1,  6. 1. 7 

Weather  and  Aeronautical  Information 

6.1.3,  6.1.5,  6.1*6,  6.2.3 
6.2.4 
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Flight  Service  Station  -  Model  2 

Automated  Flight  Service  Station 

Aviation  Weather  Processor  (AWP) 

Aviation  Weather  Processor  (AWP)/ 
Weather  Message  Switching  Center 
Consolidation 

Consolidated  FSS  Model  2,  Model  3 


6. 

6. 1.3.1 


6.1. 3.1,  6.2.3,  6.2.4 


6,  6.1.10,  6.1.11,  6.1.13, 
6.2.7 


Direct  User  Access  6.1.10,  6.1.11 

Emergency  Assistance  6.1.1 

Flight  Service  Data  Processing  System  6. 1.3. 2 
(FSDPS) 


Graphics  and  Multiple  Weather  Radar 

Integrated  Voice  Response  System 

Selective  Weather  Retrieval 

Full  Digital  ARTS  Display  (FDAD) 

Global  Positioning  System  (GFS) 

Head  Up  Display  (HUD) 

Helicopter  Operations,  IFR 

Improved  Antennas  for  Air/Ground 
Sites 

Integrated  Flow  Management 

Joint  Automatic  Weather  Observation 
System  (JAWOS) 

Limited  Surveillance  Radar  (LSR) 
Maintenance  Processor  Subsystem  (MPS) 


6.1.6,  6.2.9 
6.1.10,  6.1.11 
6.1.6 

3. 1.2. 3 

8. 1. 1,  8.4 
8. 1.2. 5 
8.1.1 

9.2.1. 1,  9. 2. 1.2,  9. 2.1.3 

2. 1.7. 4,  3.1. 7.4,  5. 1.1. 3 

4.1.3 

7.2.4 

2. 1.1. 2,  9.2. 1.1 


C-4 


1 


Microwave  Landing  System  (MLS) 

Moving  Target  Detector  (MTD) 

National  Airspace  Data  Interchange 

Network  (NADIN) 

Next  Generation  Weather  Radar 
(NGXRAD) 

Radar  Beacon  Transponder  (RBX) 

Radar  Remote  Weather  Display 
System  (RRWDS) 

Remote  Maintenance  Monitor  System 
(RMMS) 

Runway  Configuration  Management 
System  (RCMS) 

Sensor  Receiver  and  Processor  (SRAP) 

Solid  State  Transmitters  and  Receivers 

TPX-42  Replacement 

TRACON  Weather  Processing  Function 

Terminal  Consolidation 

Terminal  Data  Display  System  (TDDS) 

Terminal  Information  Display  System 
(TIDS) 

Terminal  Sequencing  and  Spacing  (TS&S) 

Terminal  Weather  Radar 

Tower  Automated  Ground  Surveillance 
(TAGS) 

Tower  Cab  Digital  Display  (TCDD) 


C-5 


8.1.2,  8.4 

7.1.3,  7.2.3 

9. 1.2. 2 

4.1.3,  7.1.3,  7.2.3 


3.1.4. 2,  7.2.2 

2. 1.2. 2 

2.1. 1.2,  2. 1.1. 3,  2. 1.1. 4 

7.1.3,  7.2.3,  8.1.1,  9. 2. 1.1 

4.1.4 

3. 1.2. 2 

9. 2. 1.1,  9. 2. 1.2,  9. 2. 1.3 

3.1. 1.2 

3. 1.3. 4 

3.1. 1.4 

4.1.2 

2. 1.3. 3,  3. 1.1. 3,  3. 1.3. 3 

4.1.3 

3. 1.7. 3 

4.1.4 

1 

4.1.4 

4.1.2 


VOR  and  TACAN  Station  (VORTAC) 


8.1.1,  8.4 
3.1. 2. 3 


'Video  Reconstitutor a 


Voice  Switching  and  Control  System 
(VSCS)  -  VF  Signaling  and  Control 

System  Replacement 

9.2. 1.1 

Voice  Switching  and  Control  System  (FSS) 

9. 2. 1.3 

Voice  Switching  and  Control  System 
(Terminal) 

9.2. 1.2 

Voice  Switching  and  Control  System 
(En  Route) 

9.2. 1.1 

Voice  Switching  and  Control  System 
(Technical  Control  Subsystem) 

9.2.2 

Wind  and  Altimeter  Voice  Equipment 
(WAVE) 

4.1.2 

4D  Navigation 

8.1.1 

9020  Replacement 

2. 1.1. 4 
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